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STATE OF NEW YORK: 


DEPARTMENT OF AGRICULTURE, 


ALBANY, N. Y., January 15, 1906. 
To the Assembly of the State of New York: 


I have the honor to herewith submit the Twenty-fourth Annual 
Report of the Director and Board of Control of the New York 
Agricultural Experiment Station at Geneva, N. Y., in pursuance 
of the provisions of the Agricultural Law. 


I am, respectfully yours, 
CHARLES A. WIETING, 
Commissioner of Agriculture. 


802545 





_ - 
- : 
4 
a 
{ ; 
. 
- > 
oT 
a ~ 
. _— 
: : aa 
= 
>. = 
- . 
- ~ recur 
P rey 
- 
£ 
z i e. 
4 - ‘ 
’ 
y : : : 
i : pers 
sd * 
— ~— . 
¥ o 4. 
SS * . 
4 7 Ly s * t¥ 
i . ; 
; 
2 oe ty . oa 
ae # f a? k 
a 
‘ 
7 
* a 
’ “- & 
2 + re j 
x A 
> ~ 
Ss P *% 





yee i 
“ 


Pera t Pak " 
ae Lyte cvs 
bee ese" 
yeh i 
San 
- ire 
. i ‘in 
ap ae. 


- . 
" ~~ 
> ‘ . P 
of Pp aity 
44h ’ 
. ‘ 
‘ 3. "A x * . oe 
f, Pe ad or pet 4 
i i afi he { fe 4j £ 
4 4 7 » ~ tf 34 2a ae 
> ca A ~ 
ey athlete we et 
y | i 
/ 
er 
= . ae oie j Y - 
2 ; bers “ 
- 7 4 wf 
er -* 
tt pasty A? id ae te 4 = 
f bo Py eo) ‘ ¢ 
; & = 
p = vice y —— 
in| eae eee P f 
) Bon "4k "EAC LSP ASA 
sey er of 
et re 4 
ti 
147 
ne 
. 4 
PECTS § 
P 
2 LREBGs 


{ SSETEL) 






ba 


NEW YORK AGRICULTURAL EXPERIMENT STATION.- 


OS 


Geneva, N. Y., January 1, 1906. 
Hon. Cuaries A. Wintine, Commissioner of Agriculture, Albany, 
Vs cY,.3 

Dear Sir.—I have the honor to ‘transmit herewith the report 
of the Director of the New York Agricultural Experiment Station 
for the year 1905, in accordance with the provisions of chapter 
439, Laws of 1904. 

Yours respectfully, 
S. H. HAMMOND, 


President, Board of Control. 
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1905. 
ORGANIZATION OF THE STATION. 


BOARD OF CONTROL. 


GovERNOR FRANK W. Hiaains, Albany. 
COMMISSIONER CHARLES A. WIETING, Eiko 
StrpHEN H. Hammonp, Geneva. 

LyMANn P. HAviLann, Camden. 

Epaar G. DUSENBURY, Portville. 

Tuomas B. WILSON, Halls Corners. 


Mito H. Oui, Perry. 
IRVING Rouvss, Rochester. 
CHarLes W. Warp, Queens. 


OFFICERS OF THE BOARD. 


STEPHEN h. Hammonp, 
President. 
} 


Wiuu1aM O’HANLON, 
Secretary and Treasurer. 


EXECUTIVE COMMITTEE. 


StEpHEN H. Hammonp, 


Lyman P, Havinanp, 


Tuomas B. WILSON. 


STATION STAFF. 
Wuitman H. Jorpan, Sc. D., Director. 


GrorGE W. CHURCHILL, 
Agriculturist and Superintendent 
of Labor. 
Wiiu1am P. WHEELER, 
First Assistant (Animal 
Industry). 


Frep C. Stewart, M.S., 
Botanist. 
Harry J. Eustace, B.S. 
Assistant Botanist. 
°Hmnry J. Ramsey, M. A., 
Student Assistant in Botany y. 
Lucius L. Van Suykz, Ph. D., 


Chemist. 
Epwin B. Hart, B.S., 

Associate Chemist. 
uWitt1am H. ANDREWS, B. &., 
2FREDERICK D. FULLER, B. Si ; 
‘CHARLES W. Mupcz, B. S., 
BANDREW J. PArTEn, B. S.. 
1FRANK A. URNER, A. B. 
3ERNEST L. BAKER, Mee S.) 

‘ALFRED W. Boswortu, B. S., 
SWILLIAM E.. TOrrincHAM, B. ae 
TARTHUR W. CriarK, B.S., 

Assistant Chemists. 

Harry A. Harpine, M.S., 
Bacteriologist. 


Resigned June 24, 1905. 
83 Appointed Mey 8, 1905. 
June 1, 1905. Appointed July 1, 1905. 
i 1905. 10 Appointed August 1, 1905. 
N.Y. 43 Resigned July 1, 1905. 


1 Resigned January 

4 Appointed May 
‘Appointed August 5, 1905. 

11Died September 29, 1905. 


Martin J. Prucua, Ph.B., 
Assistant ‘ Ractertoaet. 
Gzorce A. SMITH, 
Dairy Expert. 
Frank, H. Hatt, B.&., 
Editor and Librarian. 
PercivaL J. Parrott, M. A. 
Entomologist. 
Haroitp E. Hopexiss, B. S., 
Assistant Entomologist. 
*WitttAM J. ScHoxrns, B. Agr., 
Student Assistant in Entomology. 
*SPpENCER A’ Bracu, M.S., 
Unyssgs P. HEDRICK, M. cy 
Horticulturists. 
NATHANIEL O. Boortu, B. Agr., 
Assistant He orticulturist. 
ORRIN M. Taytor, 
Foreman in Horticulture. 
2, ATwoop SirRRINgE, M. &., 
Special Agent. 
Frank E. NEwrTon, 
JENNIE TERWILLIGER, 
Clerks and Stenographers. 
Avin H. Horton, 
Computer and Mailing Clerk. 
Juuia A. Hoey, 
Junior Clerk. 


9, 1905. ?Resigned May 1, 


1905. 
5 Resigned June 1 1905. 


8 Appointed 
®Resigned September 
12 Address, Riverhead 


15, 1905. 
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TWENTY-FOURTH ANNUAL REPORT 


OF THE 


Board of Control of the New York Agricultural 
Experiment Station. 


TREASURERS REPORT. 


Geneva, N. Y.,; October 1, 1905. 
To the Board of Control of the New York Agricultural Experi- 
ment Station: 
As Treasurer of the Board of Control, I respectfully submit the 
following report for the fiscal year ending September 30, 1905: 


NECESSARY EXPENSE. 











Receipts. 

1904. APPROPRIATION 1904—1905. Or. 
Oct. Pee aldiee, On Dang h x6. ./8s os See $26 83 
Amount received from Comptroller..... 16,000 00 
$16,026 88 

Expenditures. Or. 
By building and repairs’; 2... .....652.% S787 40 
Ie VeCHEMLICAL SU DDLICS xo oars oe) Once Fn. Pes ets 354 8&3 
PVECUULINGCNL CXPCUSES. Gomis a accnteys ye 2,364 63 
ey PLCC UIIDESUILILS ©. °.) sc 2, eet so oe ce es 1,637 98 
PUMROPUUITEZOTS: cree sci. s ween a tis ee ape ge 290 58 
Byerreivut and. 6XPressacgs. . 6. Vande AT) 138 
By. turn re andi fixtures wis. 4 4 alee 928 06 


BVeleatniontand WaAalel.w 4. cs. <> oe ie 125 15 
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Cr. 

Bybrany 3 Gin ado. ee te ee eee $853 70 

By} liver stocks fA Te eee ke ede ee 137 00 

By postage and stationery............. 865 89 

By publications’ he Gate ens eee 3,690 27 

By SCien CHES DPara EUG ss wien, sity teereers ce 28 48 

By seeds, plants and sundry supples.... 1,400 77 
By-tools, implements and machinery... 890 11 

By traveling expenses ................. 1,181 85 

1905. 

Oct. 1 By sbalanceiacc ci ete ie es ee es ees 20 00 
$16,026 83 


GENERAL EXPENSE. 
HEAT, LIGHT, WATER, APPARATUS, REPAIRS, ETC. 
1904. Receipts. Dr. 
Oct. 1. To amount received from Comptroller... $4,000 00 


Expenditures. Cr. 
By -buildins“and (repairs coe aes ca eee $673 19 
By ‘contingent expenses ...........<s6 137 25 
By teedine-stuls oo. as:. wets eh see 97 OL 
By ‘furniture’ and. fixtures? 2 2h7i. 8 432 00 
By heat, hight and water.......... hee 2,409 62- 
By postage and stationery........¢.... 24 95 
By seeds, plants and sundry supplies.... 47 37 
By tools, implements and machinery.... 134 10 
1905. 
Oct. 1. By‘ balance:...: Ayers wees. cere 44 51 


$4,000 00 


—t_ 





HorvTiIcuLTURAL INVESTIGATIONS, 
1905—1906. 
Receipts. Dr. 
To amount received from Comptroller... $8,000 00 
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1905. Eapenditures, CT, 
ESV OHOINI CA SOP DLICS 7-5 seas coe kee «teas 8s $2 75 
ys CONUNPeENL*CXPCNSCS sos eas ek ee nis 1,129 46 
DEVON ULL ZOLMOE tet, Mote ee. Sam eas een ee 124 79 
BY ites and EXPTess. ieee ese eas 14 28 
yay postage and stationery... ....°...+, 4 45 
Pee UM ACALIONS wists stele uterine rand) Veen: 849 36 
BAGS FEN BE Ws Cot SMES Ral ters Ce 12) ean rel ae ar 5,050 74 
By seeds, plants and sundry supplies.... doo 68 
By tools, implements and machinery.... Spay 
Pe VOUrAVCHU Gs OXPCUSeO yes sv acs ace etc e ee 483 70 
1905. $7,993 78 
Oct. Pome tstee DAL ILC Cire Mere ig cco sane toate aia Bie eae 6 22 
$8,090 00 


ee, 





COMMERCIAL FERTILIZERS. 


1904. Receipts. Dr. 
Oct. MeL PRC AMCs GU te ATC. rice foe Sw Sexes je ee 0, a com « $5,035 39 
To amount received from Comptroller. . 7,000 00 


To amount due-from Comptroller...... 3,000 00 





$15,035 39 











Haependitures. GE, 
Bye UU OBA BOD ILS el, oasis 4) excdune A $24 SL 
By-chemical-supplies® i... ... 5 Se 6 ap lasliehs ote 617 16 
By. contingent expenses ..............: 43 20 
PO WR LCCULLT S26 MLLER iiss! goatee tity eT em bas Litas > 25 
PRONE ONCE ISAOU RSet ene by Shs eer greet That len! 99 do 3d 
PS VPECOION CE Pal EX PTOSS cry cis, « asin ook aes 248 31 
Ree Uri re ANG is LULGs apm. oche es os 217 
Broheat, light arid watery ue. 643 87 
By postage and stationery............. 36 43 
Sou UL bea LOU S aes iy saemeet rs, «2s SERS, 5/198 
Pv ORsl te atelier, ya emt: yo 5s Me 6.869 66 


By seeds, plants and sundry supplies... 44 40 
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Cr. 
By tools, implements and machinery.... $160 00 
By traveling expenses... ... os.) ¢.«05- 963 80 
1905: 
Oct. PD Vr NAladCe 4s oa. an: ees te ee os ae 4,805 40 
$15,035 39 
CONCENTRATED I'yEDING STUFF INSPECTION. 
APPROPRIATION 19(04—1905. 
1904. Receipts. 
Oct. ie=Fo balanceson. handcsc..1 cote ee ee ee $343 O04 
To amount’ received from Comptroller. . 3,500 00 
$3,843 04 
Expenditures. 
By chemicals supplies: FAP sev iseen aes $57 42 
By contingent CXPensSes: ef... 2c. s oe wae ee 2 50 
By freight: and “Gxpress so. 76 cae: wakes 82 51 
By heat light and. wateni stan we ae 75 8&7 
By postage and stationery............. 17 50 
By publications ws CoM aon sae oe 509 54 
SY Se lATOS: 7S estes ere, ee eee 1,907 82 
By SclentLit apparatus his. tte om 45 
By seeds, plants and sundry supplies... 1 40 
By traveling ‘expenses. >. i.7. ss. chine 605 7: 
1905. | 
Oct. LESS LANCE TS Jey Ake en es Price tae Meena 582 30 
$3,843 04 
SALARIES, 
APPROPRIATION 1904—1905. 
1904. Receipts. Dr. 
Oct. 1c Toxbalance... . .... yi Dee eee $1,746 24 © 


To amount received from Comptroller... 22,000 00 


$23,746 24 
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EHapenditures. Cr. 
Py eA Coa a, cle eli cRie. icc eile ite A oko) « $22,318 78 
1905. 
See SY balatice yi, aic.§ doleres Sia lea eA 1,427 46 
$23,746 24 
LABOR. 
APPROPRIATION 1904—1905. 
1904. Receipts. Dr. 
Oct. Tee BDA LANCE 2 Bei 5.6 Soo. dake abaya Mieltere 6a BSP o $1,618 36 
To amount received from Comptroller... 13,000 00 
$14,618 36 
1904-1905. Hependitures. Cr. 
Hey Via ea OO acted ees Fe" C2 ea oc5 vs 4 ais “a.be, SPE COY $13,339 05 
1905. 
Oct. Ee VLCC Merah weet p's. 5008s thease» stereo 03 1,279 31 
$14,618 36 
INSURANCE MONEY. 

1904. Dr. 
Oat: BE RN Caer lie, ita, orcas Va welt ee otk pe $187 O7 
1905. Cr. 
Oct. "5 LEST TERRY Rent Rew pits pra oe ORO EAR pee era Cae ES $187 07 
CARRIAGE House AND Horsb STraBun. 
APPROPRIATION 1904—1905. 

Receipts. } Le 


To amount received from Comptroller... $1,923 00 
Hapenditures. Cr: 


PRY MEO LIBUL TL OUTON Core Sats sh: s oteememae es % 800 Stes $1,923 00 


— 
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STORAGE BUILDING, 


APPROPRIATION 1904—1905. 


Receipts. . Dr. 
To amount received from Comptroller... $4,393 00 
Expenditures. Cr: 


By7 CONStTUCTION «2c sc sm. ker ee $4,393 00 


All expenditures are supported by vouchers approved by the 
Auditing Committee of the Board of Control and have been for- 
warded to the Comptroller of the State of New York. 


Dr. 
To receipts from the Treasurer of the 
United States as per appropriation for 
fiscal year ended June 30, 1905, as per 
Act of Congress approved March 3, 
ERS e Ss ec teten me Ge ene “7 acy ee ee $1,500 00 
Cr. 
By salaries: ics, Seccoeene red i ee eee $1,485 29 
BY DOStage: oo. ute nth bs coe See Oe earn 14 71 
$1,500 00 — 


WILLIAM O'HANLON, 
Treasurer. 


DIRECTOR'S REPORT FOR ros. 


To the Honorable Board of Control of the New York Agricultural 
EHaperiment Station: 

GENTLEMEN.—I have the honor to submit the following report 
of the institution under your charge for the year 1905. In pre- 
senting this report it gives me sincere pleasure to express my 
warm appreciation of the helpful attitude of sympathy and wise 
support which you have steadily maintained toward me as your 
executive officer. 

It is no less gratifying to again record my sense of obligation 
to the members of the Station staff for their most earnest and 
loya! cu-operation in carrying on the work of the Station. My 
associates share generously with me the responsibilities attending 
our efforts. It has for some years been ‘the policy of this insti- 
tution to grant to the members of the staff, especially to the heads 
of departinents, large liberty in initiating and maintaining those 
lines of work which seem likely to be most fruitful of beneficial 
results. That this policy has justified itself I am firmly con- 
vinced. Indeed, in no other way can there be secured the atmos- 
phere of freedom and inspiration so essential to scientific inquiry. 


CHANGES IN THE STATION STAFF. 


In no year during the life of the Station have the changes in the 
staff been so numerous, and in no year more important. The 
larger number of changes have occurred in the Chemical Depart- 
ment, in fact these have been so many as to cause more or less 
embarrassment. 

It is my painful duty to record here the death of Mr. W. H. 
Andrews, a member of the chemical staff, which occurred at his 
home in Geneva on September 29th. Mr. Andrews first be- 
came connected with the Station in 1891 and had been in its 
service continuously since October Ist, 1895. Not long previous 
to his last illness he was placed in immediate charge of the 
analytical work performed for the Commissioner of Agriculture 
in the inspection of fertilizers and feeding stuffs. Faithfulness 
and efficiency characterized Mr. Andrews’ work no less emphati- 
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cally than the qualities of a high-minded gentleman characterized 
his everyday life and his relations to his associates. His death” 
has brought to all his co-workers a sense of deep personal loss. 

Prof. S. A. Beach severed his connection with the Station on 
September Ist, because of his acceptance of a call to the chair of 
Horticulture in the Iowa Agricultural College. During his four- 
teen years of service as head of the Horticultural Department, 
Prof. Beach gained the attention of the fruit interests of New 
York to an unusual degree. Such confidence was placed in his 
conservative and well-guarded utterances that his advice had 
without question come to exert a marked and highly beneficial 
influence upon the horticultural practice of the State. Prof. 
Beach’s period of service was brought to a fitting close by his 
authorship of “The Apples of New York,” which is the most nota- 
ble pomological publication of. recent years. Horticultural edu- 
cation in Iowa is certainly much strengthened by the acquisition 
of Prof. Beach, for whom his friends and recent associates wish 
the most abundant success in his new field of labor. 

Mr. F. D. Fuller, for nearly nine years connected with the 
chemical work of the Station, received a well earned promotion 
to larger responsibilities and salary by his appointment to a 
position in connection with the Pennsylvania Department of Agri- 
culture, the duties of which he assumed on May 15th, 1905. 

The Station was further honored by the selection of Mr. A. J. 
Patten to become the chief chemist of the Michigan Agricultural 
Iixperiment Station. Mr. Patten’s experience as a chemist in 
two experiment station laboratories, a year of advanced study 
in Germany and recent association with important lines of re- 
search have rendered him well fitted to enter successfully upon 
the work of investigation. 

Upon request of the Commissioner of Agriculture, Mr. Charles 
W. Mudge, Assistant Chemist, was transferred to the Depart- 
ment of Agriculture on June Ist. Mr. Mudge’s connection with 
the Station covered something more than six years, during which 
time he applied himself diligently to the duties that were assigned 
to him. | | | 

Mr. F. A. Urner, Assistant Chemist, after less than two years’ 
service, resigned his position on January 9th, 1905, to take up 
chemical work along commercial lines. 
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The position vacated by Prof. Beach has been filled by. the 
selection of Prof. U. P. Hedrick, M.S. Prof. Hedrick comes to us 
from the Michigan Agricultural College, of which institution he 
is a graduate and in which he served for six years as Assistant 
Professor or full Professor of Horticulture. He had previously 
held positions as Inspector of Orchards and Nurseries in Michi- 
igan and as Professor of Botany and Horticulture in the agricul- 
tural colleges of Oregon and Utah. The wide acquaintance with 
the facts and principles of horticulture possessed by Prof. Hed- 
rick, his extended opportunities for practical observation and his 
experience aS a public speaker, designated him as _ peculiarly 
fitted to lead the horticultural activities of the Station. 

The vacancies in the chemical department have been filled by 
the choice of Mr. Ernest L. Baker, B. S., a graduate of the Uni- 
versity of Maine, and at the time of his election a post graduate 
student in Columbia University; Mr. Alfred W. Bosworth, B. S., 
a graduate of the Rhode Island College of Agriculture and Me- 
chaniec Arts, and later a student for a time at Yale University, 
who when called to Geneva was serving as Chemist at_the Storrs 
(Conn.) Agricultural Experiment Station; Mr. William E. Tot- 
tingham, a graduate of the Massachusetts Agricultural College, 
who subsequent to his graduation served his Alma Mater first as 
Assistant Chemist to the Experiment Station and later as Instruc- 
tor in chemistry; and Mr. Arthur W. Clark, a graduate of the 
University of Vermont who previous to accepting his present 
position was assistant chemist in the Pennsylvania Agricultural 
Experiment Station. 


THE GROWTH OF THE STATION AND ITS NEEDS, 


During the past ten years there has been a gradual, and in 
the aggregate, a large growth of the Station equipment and 
work. There has not been a corresponding increase of mainte- 
nance funds and the time has now come when the question of the 
further development of the Station’s activities, indeed the 
maintenance of the work it is now doing, must receive your 
serious consideration. 

A few comparisons will serve to set forth the situation as it 
now exists. 

In 1896 the science staff numbered fourteen (14) as against 
twenty-two (22) at the present time, an increase of fifty-seven 
per ct. During this period the clerical staff has doubled. 
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Since 1896 there have been erected the Biological and Dairy 
building, the Director’s house, 1 large forcing-house and 2 poultry 
houses. The barns of the institution have been. built entirely new 
because of the destruction of the old ones by fire; the building 
occupied by the offices and library has been entirely remodeled 
inside, and the head house at the forcing-house has been enlarged. . 

In its capacity for carrying on various lines of scientific inquiry, 
the building equipment is more than doubled, involving a large 
addition to the cost of maintenance, one item of which is the 
addition of three to the force of janitors and caretakers. 

It can not be accurately said that ten years ago the work of the 
institution was divided into departments, although the investi- 
gations then carried on fel], in a general way, under the heads 3 
of chemical and horticultural work. The Station has now six 
well-defined and fairly well-equipped departments, viz.: animal 
husbandry, bacteriology, botany, chemistry, entomology and hor- 
ticulture. There has also also been added to the staff an officer 
known as Editor and Librarian, the first of the kind in any 
Station in the country. In consequence of this enlargement of 
the Station staff and the definite division of the work into depart- 
ments, the investigations carried on have broadened in scope, and 
it is believed, increased in thoroughness, therefore in expensive- 
ness. This growth has in no sense been forced but has simply 
been a response, though an insufficient one, to'the demand made 
upon the Station. 

The list of names to which the Station publications are mailed 
has trebled since 1895, thus greatly adding to the printing bills. 

Such an enlargement of the salary list, material equipment and 
work of an institution ordinarily involves a corresponding in- 
crease of maintenance funds. As previously stated, this has 
not occurred. For the fiscal year 1895-6, the maintenance funds 
outside of the support of inspection work, amounted to $59,500 
and for 1905-6 the sum is $64,500, an increase of only $5,000. 
But since the $10,000 applied to the inspection of fertilizers was 
formerly appropriated by the State from the general treasury 
funds and is now secured from license fees imposed on brands of 
fertilizers, it is really costing the State $5,000 less annually 
to maintain the Station than it did ten years ago, notwithstand- — 
ing the large growth of the institution. These facts indicate that 
it is certainly true that your Board has persistently, and it would 


New YorK AGRICULTURAL EXPERIMENT STATION. a 


seem successfully, endeavored to economically administer the 
funds committed to its care. But the limit of economy is now 
reached and the State is now face to face with the question either 
of abandoning the policy of further developing the Station to 
meet existing needs or of supplying increased maintenance funds. 

There are two lines of effort in which the members of the Sta- 
tion staff areengaged: 1, The scientific study of problems, largely 
by laboratory methods, involving the determination of unknown 
principles and facts which are believed to be fundamental to agri- 
cultural practice; 2, the determination of the economic applicabil- 
ity to agricultural technics and practice of such principles and 
facts as the Station discovers. Experience has demonstrated 
that the same man cannot effectively prosecute both lines of 
- endeavor in an extensive way. The botanist, for instance, cannot 

successfully conduct laboratory researches with plant diseases 
and at the same time be responsible for the personal supervision 
of field experiments. An absorption of mind and continuity of 
effort essential to scientific research should not be disturbed by 
frequent and extended absences for excursions about the State. 
Efiicient organization requires that field work and other practical 
demonstrations should be assigned to men who are able to give 
to them their undivided attention, and the same is true of the 
efforts that are more distinctively scientific or investigational. 
At the present time the Station force is not adequate to the prose- 
cution of such investigations and such outdoor demonstrations 
as seem to be demanded of us. I therefore most earnestly recom- 
mend that you endeavor to secure such financial support as shall 
enable us to enlarge our force so that the present members of the 
staff may give greatly increased time to the problems which are 
pressing upon us for solution. 

Fundamentally this is a question of expediency. Which policy 
will the better serve the interests of New York Agriculture? 
Would it be profitable to further enlarge the work of the Sta- 
tion? Certainly the Station is unable to accept more than a 
small minority of the opportunities that come to it for the study 
of important problems. It is equally certain that the agricul- 
tural practice of the State has by no means fully adopted the 
advanced methods which the Station’s investigations have been 
the means of suggesting. It may easily be demonstrated that 
the work of the Station has in the past been highly productive 


42 Director’s REPORT OF THE 


and there is every reason to believe that it may be largely in- 


creased with equal profit. 


HOUSES FOR THE STATION STAFF. 


Attention is again called to the great desirability of erecting 
more houses for the use of members of the Station staff. In pre- 
senting the reasons for this recommendation I cannot do better 
than to quote from my report for 1904: “The building equip- 
ment of the Station now provides for the housing of five families 
belonging to the Station staff. Under the conditions at present 
prevailing the homes of the staff are widely scattered. The 
married members, other than those provided for on the Sta- 
tion grounds, live in various parts of the city in rented houses. 
There is involved in this arrangement a great deal of uncer- 
tainty as to permanence and desirability of location. It is also 
often inconvenient; and under such conditions it is exceedingly 
difficult and almost impossible to maintain that social unity which 
should prevail at such an institution and whichis a large factor in 
its spirit and success. The desirability and attractiveness of any 
salaried position are to a very large degree determined by social 
relations and by the environment and influences which surround 


the home. In view of the fact that there is an almost continuous 


effort to draw away from the Station its best men, sometimes 
successfully, it would seem to be a good policy to do all that is 
possible to render positions at the Experiment Station so attrac- 
tive that efficient and useful men shall not be drawn away. It is 
fair to raise the question, therefore, whether, if it is not incon- 
sistent with the established policy of the State, several more 
houses should not be erected on the Station grounds, sufficient in 
number at least to accommodate the heads of departments and 
certain minor officials whose presence near the Station at all 


times is very essential.” . : 
MAINTENANCE FUND. 


The various funds that were appropriated by the Legislature 
of 1905, for the maintenance of the Station during the fiscal 
year beginning October 1, 1905, were as follows: | 


SRMATIOS (At: aKagete : SRP 0 a wee Seeger er oe is $25,000 
Labor ds 2p) a. dot. cea: 40: BE eee 13,000 


. 
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Expenses of various departments of research........ $15,000 
General expense, heat, light, water, apparatus, repairs, 

METAR: S80 eG eh MTSU oo alee eek de wes 4,000 
Expenses of horticultural investigation.............. 8,000 
Seem t ar Miars COLON: We. ee EE EG 10,000 


Bee PALIN PECLION asi. Wesel Va ttre ols a 3,000 


By action of your Board, the Legislature is asked to appropri- 
ate the following sums for the fiscal year beginning October 1, 
1906: 


PETAO SY  Giaes. fs ec og: aR SE Oa ee gree, Nall Ged 5 aii Aad ee a $33,000 
RN re Re eee Agua ahy Sica orale ahs aq ce gic Sines eo tee 14,000 
Expenses of various departments of research........ 26,000 
General expense, heat, light, water, apparatus, repairs, 

EE ee Ores asain os Saw aon BA as a DEE hse stn! «URN te 5,000 
Expenses of horticultural investigation............. 10,000 
Ee Te eI NCCL IO) Up getdate le. o's sieges ous. Sieh 10,000 
ePIC M UT AUS IPO TION? | seas a oichas cee e's cy ifs a 6 a 0 ces 3,000 


STATION PUBLICATIONS. 


The Station mailing list, including 2,000 copies of the Annual 
Report, now. requires sending out approximately 48,000 single 
copies of our publications. As stated elsewhere, this is not far 
from three times the number mailed in 1895. This larger use of 
our literature has come about almost entirely through requests 
which have been received at my office. There has been no padding 
of the mailing list. 

It is gratifying to note that the results of our work are re- 
ceiving increased attention not only on the part of intelligent 
farmers but also from professional men and teachers. Requests 
have been received for our publications, from the professors in one 
of our oldest universities that has no specific relation to agricul- 
tural education and from the principals of high schools, with a 
view to using this material in the class rooms and science labora- 
teries. Members of the medical profession have commented fav- 
orably on the results of our chemical and biological investiga- 
tions of milk and cheese as contributing directly to a knowledge 
of certain phases of human nutrition. All this illustrates the 
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fact that knowledge useful to the farmer is broadly related to 
all human needs and activities. A better understanding of the 
air, the soil and plant and animal life, serves to strengthen man’s 
mastery of the earth, in whatever calling. It is entirely rational 
that our urban populaticn should come to understand and sup- 
port the work of the agricultural experiment station as directly 
contributory to the welfare of all classes of persons. The city 
family has reason to thank modern’ science, largely applied to 
agriculture through Station effort, for better fruit and vegetables 
and for more palatable and more healthful dairy products. 

The distribution of the information given out by the Station is 
by no means confined to reports and bulletins. These simply 
state principles and facts which are used by the press, and by 
institute speakers before hundreds of farmers, and when illus- 
trated by progressive farmers are the basis of a more or less con- 
tagious example to every other farmer in the surrounding com- 
munities. 

“THE APPLES OF NEW YORK.” 

This publication, in two volumes, was announced in my report 
for 1904. The first volume is now being distributed. In order 
that the public may fully understand the sources of supply it 
should be stated that of 19,000 copies ordered printed, 2,000 
copies are assigned to the Station, 2,000 to the Commissioner of 
Agriculture and 15,000 copies are placed at the disposal of the 
‘members of the Legislature. The Station supply is being largely 
drawn upon by our official list and by several hundred correspond- 
ents who aided in supplying data. These facts will serve to 
explain the inability of the Station to comply with all the requests 
that we have received for these volumes. 

The approval which this publication is receiving from all 
quarters is most gratifying and encourages the hope that the State 
will be willing to meet the expense of similar publications for 
other fruits. The Station has collected at great cost, extensive 
data relating to peaches, pears, plums and grapes. Such a mass 
of facts is too valuable to lie unused. It is now time that plans 
should be formulated for publishing this material, the prepara- 
tion of all of which will require not less than five or six years. I 
commend to your favorable consideration the suggestion that, 
if funds can be provided, an editorial staff be secured in the near 
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future for the preparation of this valuable material for publica- 
tion under the supervision of the Station Horticulturist. It is 
out of the question for the regular horticultural staff to do this 
work without dropping all other efforts, a situation hardly to be 
tolerated in a departinent so closely in touch with the extensive 
fruit interests of the State. 


THE MAILING LIST. 


( 
Sinee January 1, 1905, approximately three thousand and eight 
names have been added to our mailing list: 


BULLETIN LISTS, DECEMBER 15, 1905. 


Popular Bulletins. $5 


Meee GOUT Oty 8 OTIS tis Vn ria, canines Pesce oan ewe eet 35,000 
PeemCeseee Cr OLNOr wud Lede te ete ee cs ee he te eo rece wr oe phe’ aA A 
Ty Poa a eR Ae a a A ee Ee Bas are a er a 780 
Peperiment starions and-their_staiis. 0. o.06. Velen wa weve be bees 1,154 
NWR A TT GaP a aA hes iy fac «gd tia oe le 8) Staite ‘nx are ee Te aed ED 131 

EOS. eg PALS Os a WR Eee te ea hg A a A sd a Be FM 39,280 

Complete Bulletins. 

Peereimentestattone ad CHIT Stats... dei. oms\c = Dolpa es oles are Gan 1,154 
Pee ICM IBRCL OTL I MTA CLO’. oA . i ok sb acl eg Spadceroeia ss dees Bos, 1 so eee 170 
MOLAR MIS by at) «oes 3-10 «fh re ee Pa AE re en See were s Tr 234 
MUU TI a et cet an ch cha x slqauoet eae he oes aidhe Ss Se ee 2,915 
Piineellancous” *... so. oes Pee RE eee ok a Dhaene bene Sie Cree 131 

re cM re a aN ey it ei Sim ap gk wena. « gla a eel edemiwte 4,604 


DEMONSTRATION EXPERIMENTS. 


The Station still continues to maintain in numerous places in 
the State experiments having for their object the determination 
of the applicability of certain methods to agricultural practice. 
The lines of work and the localities in which the experiments are 
located are given below. It is a pleasure to acknowledge the effi- 
cient aid which the Station is receiving at the hands of the vari- 
ous persons mentioned in the following list: | 


Study of Cabbage Rot. Treatment of Asparagus Rust. 
Kaye Ay lect) pee trees. Cutchogue. “FP A, -Sirrine. 05.55.00) Riverhead. 
Prevention of Red Spot in Cheese. Spraying for Potato Blight. 


Feel WOT PeNer ty ants, aidieys s Russia. Brainerd & Beaumont...Gainesville, 
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Spraying for Potato Blight—(Con.) 


Tests of Sulphur Washes—-(Con.) 


cere eo TIMICe Cag dan & bales oes af Syosset. Sophie M. Woodhull......... Laurel. 
MOR EMOLAT ke 24-5 4 winse 0 Beas 3 A009 ARES Peru. \-W...H.. Woolworth vo. sie Youngstown. 
aA LINO ate se Ses ee es Atlanta. é 

Frese Doolittle. nets: Ua Cassville. Congr at pee na 

RG Gate ale neers a Spencerport. W. P. Rogers........... Williamson. 
Ps tee oa ye ee aa NE SGU AESES Experiment with Grape Stocks. 

PO eines ELAIBOY ores Ws es Bridgehampton. ies 

GEC eOREh RA on Waroneoniiies Te AS NV TI COR sec nilionieds ing oa Portland. 
el Ryplar sac asien wcaiys ot Gowanda. Orenard Management. 

Beh eA AGE Meshes AN ie Mattatuck.” "Ww. D..Auchtert!..2 4s South Greece. 
W. R. Shaw.............-. Hebron. Grant,” Hitchings... 1. <2 =.) yale 
Oliver Smith & Son.....Chateaugay. 

PAVLOL pasrOS, oe ah ieee Bee Arkport. Economy of Dwarf Orchards. 


Tests of Sulphur Washes. 


Fons Dawley.ans ses) ea Fayetteville. 
Albert Wood & Son..Carlton Station. 


Weer WI IELON . oy nk) Youngstown. Edward Van Alstyne... .Kinderhook. 
Alfred Rew SOC ats Sip Geneva. Growth of “Foreigh Varteneaar 
eee AL DOOMIIS.. cay bres. Re bees Geneva. OWesthits: 

Merete LaIBG, ies am win ye ap Northville. pda ; 

1a) ENE PR Oe ar aed Canevas 0 ete eae & Soman esas Middlehope. 
Aa ea ax Well BIOL. jones Geneva. J/ethods of Applying Fertilizers to 
Hina S.oMiller... <.).. Wading River. Potatoes. 

a ee BrOS. eee erence eee Geneva.» pet Downs)... .. Baiting Hollow. 
C. K. Scoon......... Apt ess BR Geneva. W.. Avncsleeh ese ee Cutchogue. 
cilbert: Scudder. oss... : Huntington. i. 

MiewA Voirrine hal sca es Riverhead. Soil Renovation Crops. 
Hiraatlc se SLevemsiac ik). u Pet Geneva. '*  WiwA.o Pleetouy.c<-ten aes Cutchogue. 
RY LECY- Oe ELIOG 5 ceed teret ose Yorktown.’ « te As. birrivess a3... see Riverhead. 


It is seen that the foregoing list includes forty-four different 
experimental operations conducted on thirty-nine farms and in 
one cheese factory. The area of land covered by these experi- 
ments is approximately 250 acres, on 83 of which the expense 
of the work, whether for spraying, fertilizer tests or otherwise, is 
borne entirely by the Station. Such a series of observations on a 
commercial scale and from a business point of view can hardly 
fail to be profitable to New York agriculture. 

Sixteen of these experimental operations, or more ‘than one- 
third of the whole, have been carried on in the Second Judicial 
Department, in addition to which a special agent of the Station 
has given his time to that department alone during nearly nine 
months of the year. This disproportionate attention to one sec- 
tion of the State is justified only on the ground that a region so 


long under market garden cultivation is severely afflicted with 
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fungus and insect pests and offers specially good opportunities 
for experimental work. 


DEPARTMENT OF ANIMAL HUSBANDRY. 


The adaptability of concentrated by-products for feeding.— 
The question as to the source of additional protein for the ration 
continues to be an important one. This is particularly true in 
poultry feeding when large flocks are kept in confinement. 
Karlier experiments have shown that at times, especially during 
periods of rapid growth by the young, there is needed in the 
ration-a much larger proportion of protein and of mineral 
matter than is supplied by the foods that must chiefly be used, 
as the common grains. To prevent a lack of these essential con- 
‘stituents various concentrated by-products are fed. The adapt- 
ability of many of these materials cannot be satisfactorily de- 
termined except by observing the effects of their use under vari- 
ous conditions. As contributing toward this knowledge Bulletin 
No. 271 reports the results from a few feeding trials in which 
certain by-products were freely used. 

Of three highly nitrogenous rations fed to ducklings, one 
containing dried blood and bone meal was associated with much 
slower rate of growth than one containing animal meal and 
another, containing “ milk albumen” and bone meal; though the 
same amount of food under each ration gave equal increase in 
weight. The superiority of the two rations seemed due chiefly to 
their greater palatability. 

Of four rations carrying much concentrated food one contain- 
ing a large proportion of gluten meals proved inferior, when fed 
to young chicks, to another having in addition bone meal, and 
much inferior to others in which most of the gluten meals was re- 
placed by animal meal or a by-product called “ milk albumen.” 
Unpalatability seemed largely responsible for the inferiority of 
the two rations. The poorest was also deficient in mineral 
matter. 

The rations containing “ milk albumen” were more palatable 
and seemed more healthful than the others, but owing to the 
higher price for this food it was not profitably used in the de- 
sired quantity.. The rations containing animal meal were more 
profitably fed. 


9 


~~ 
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The results and observations in general, like those from other 
trials, show a greater disadvantage in the free use of foods of 
uncertain palatability and healthfulness during earlier stages of 
growth than at any other time. 


DEPARTMENT OF BACTERIOLOGY. 


Quality of commercial culture for legumes.—Bulletin 270 
gives the results of an extended study of the commercial bacterial 
cultures for inoculating legumes. These cultures had been dried 
upon cotton which was afterward wrapped in paper and tin foil 
as a preparation for shipment. : 

Eighteen packages of this inoculated cotton were purchased in 
the open market and tested at the Station laboratory. Ninety- 
eight tests were made, a majority of them at Geneva, but thirty- 
six of them were carried on by bacteriologists in other States in 
order to compare results with duplicate samples. The outcome 
of these examinations may be summed up in the statement that 
these cultures were worthless for practical purposes. 

Further study showed that the explanation of this situation lay 
in the inability of Pseudomonas radicicola, the germ living in the 
nodules upon the roots of legumes, to survive when placed upon 
dry cotton. The worthlessness of the commercial cultures was 
inherent in their method of preparation. 

Since the publication of this bulletin the Department of Agri- 
culture at Washington has taken up the distribution of liquid 
cultures of Pseudomonas radicicola, and the above results which 
refer to the former method of distribution upon cotton, should 
not be understood as applying to these new cultures. 


DEPARTMENT OF BOTANY. 


Potato spraying experiments.—During the season of 1904 the 
Station made extensive potato spraying experiments. The re- 
sults, taken in connection with those obtained in previous years, 
indicate that potato spraying may be highly profitable in this 
State. In fourteen farmers’ business experiments, including 180 
acres, the average gain due to spraying was 6214 bushels per 
acre and the average net profit $24.86 per acre. Forty-one other 
farmers who made experiments on their own account reported 
an average gain of 5814 bushels per acre. In the Station ten-year 
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experiment at Geneva five very thorough sprayings increased the 
yield 233 bushels per acre while three sprayings increased it 191 
bushels. In a duplicate of this experiment at Riverhead the gain 
due to six sprayings was 9614 bushels per acre, and to three 
sprayings 5614 bushels. 

In one experiment soluble bordeaux was compared with soda 
bordeaux and with the regular lime bordeaux. Soluble bordeaux 
increased the yield 11 bushels per acre; soda bordeaux 51 2-3 
bushels per acre; and lime bordeaux, 68 1-3 bushels per acre. The 
conclusion is that neither the soluble bordeaux nor the soda 
bordeaux is to be recommended, at least until further tests have 
been made. 

Effect of arsenites on potato foliage.-—Two arsenites were tested 
paris green and arsenite of soda. 

_The experiments with paris green were designed to determine 
whether it is injurious to potato foliage when properly applied. It 
was used with bordeaux, with milk of lime and with water. Some 
rows received bordeaux only and others no treatment of any kind, 
the bugs being controlled by hand picking. There was no evidence 
that the paris green injured the foliage anywhere and the rows 
receiving paris green outyielded those to which no paris green had 
been applied. An unexpected result of the experiment was the 
discovery that paris green has some value as a preventive of 
blight. Rows treated with paris green in water yielded 46 bushels 
per acre more than the check rows. 

The experiments with arsenite of soda indicate that if used in 
bordeaux it may be safely applied to potato foliage; but when 
used with milk of lime serious injury may result. Safety requires 





that it be used only in combination with bordeaux mixture. 

Winter injury to fruit trees. The extremely low temperature of 
the winter of 1903 and 1904 together with the unfavorable weather 
conditions and insect and fungus epidemi¢s of 1904, injured or 
killed many fruit trees in the State, especially in the Hudson 
River Valley. | 

Old trees did not withstand the cold nor recover as well as 
young trees. Difference of variety was usually subordinate to 
location, age and previous health of the trees, though in many 
cases there was plainly a difference in the susceptibility of 
varieties. 
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Experiments indicated that, when peach trees were less than 
five years old, a severe pruning or cutting back to large limbs was 
a successful method of treating injured trees. The same treat- 
ment for older trees was a failure. Trees that did not carry any 
fruit made a better recovery than those that carried even a light 
crop. 

DEPARTMENT OF CHEMISTRY. 

Some of the relations of casein and paracasein to bases and 
acids, and their application to cheddar cheese.—The relation of 
milk-casein to the cheese industry is one of fundamental 
importance, and the changes takimg place in the processes 
of cheese-making and cheese-curing can be understood fully only 
by a careful study of milk-casein. Bulletin 261 had for its object 
such a study of milk-casein. Casein exists in milk as a com- 
pound with calcium, containing about 1.5 per ect. of calcium 
oxide (lime). When treated with acids, the lime is removed from 
combination with casein and free casein is formed, which is soluble 
in 5 per ct. salt solution and in hot 50 per ct. alcohol. When 
free casein is treated with acid, it forms a casein salt of the acid; 
casein lactate, for example, is familiar in curdled sour milk as the 
white solid or curd. When milk-casein is coagulated by rennet, 
as in cheese-making, the curd formed is calcium paracasein, which 
changes, in the presence of the acid formed in the cheese-making 
process, into free paracasein, and it is this compound that the 
cheese-maker aims to produce in as large amounts as possible 
in the cheese-curd before putting it in press. It is this free para- 
casein that forms the starting point of the various complex 
changes that take place in cheese-ripening. 

The proieids o7 butter in relation to mottled butter.—- 
Butter-makers are frequently troubled by the presence of 
white streaks and spots in butter, which do not make their ap- 
pearance until the day following the packing of the butter. This 
trouble has commonly been attributed entirely to the uneven dis- 
tribution of salt in butter. The werk reported in Bulletin 263 
shows that the presence of buttermilk in butter is essential to the 
production of mottles. The casein lactate contained in butter- 
milk is acted upon by salt, whether the salt is evenly distributed 
or not, and white masses result when buttermilk is present to too 
ereat an extent in the butter granules. It was found that mot- 


New York AGRICULTURAL EXPERIMENT STATION. 21 


tles can be prevented by removing buttermilk as fully as possible 
from butter-granules before salting. 

Plant-food constitulents used by bearing fruit trees.—- 
The work described in Bulletin 265 was undertaken for 
the purpose of ascertaining the amounts of nitrogen, phosphoric 
acid, potash, lime and magnesia used in one growing season by 
well nratured, bearing fruit trees. Three standard varieties were 
studied of each of the following kinds of trees,—apple, peach, pear, 
plum and quince. The fruit, leaves and new growth of wood were 
carefully gathered, weighed and analyzed. Peach trees used the 
largest amounts of plant-food per acre, after which came in their 
order, apple, quince, pear and plum trees. The relative amounts 
of the different constituents used by the different trees did not 
vary greatly. 

DEPARTMENT OF ENTOMOLOGY. 

The San José scale.—-Sulphur Washes ‘for Orchard Treat- 
ment.—The investigations of this Department for the year were 
largely to ascertain to what extent sulphur washes may be used 
in the place of the bordeaux-arsenical mixtures for orchard 
treatment. 

As the relative abundance of orchard diseases and insects is 
often determined by local conditions, the experiments were dis- 
tributed over a larger area than before that data regarding the 
fungicidal and insecticidal properties of these washes might be 
obtained upon as many orchard pests as possible. The orchards 
in which the experiments were conducted are situated on Long 
Island, near Riverhead; in the lower Hudson valley, near York- 
town; and in western New York at Geneva in Ontario County, 
near Carlton Station in Orleans County, and at Youngstown in 
Niagara County. The number of trees sprayed with the sulphur 
washes was 7,325, divided as follows: Prunes, 150; cherries, 348; 
plums, 1,359; peaches, 1,149; pears, 2,822, and apples, 1,497. 

In most of the orchards the applications efficiently controlled 
the scale, but no additional dat'a were obtained in these as to the 
combined fungicidal and insecticidal properties of the sulphur 
washes. But in Orchard IV in Ontario County results were ob- 
tained showing the effectiveness of these sprays for apple scab. 
One application of a sulphur wash reduced the scab by 22. per 
cent. A combined treatment, consisting of one application of a 
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sulphur wash before blossoming and two applications of a bor- 
deaux-arsenical mixture after blossoming reduced the scab 73.7 
per cent., and wormy apples (codling moth injury) 27.1 per cent., 
which are practically identical with the results obtained by the 
usual three applications of the bordeaux-arsenical mixture for 
the control of these two pests. 

In the experiments with pear trees in Orchard II, an applica- 
tion of a sulphur wash- before blossoming proved an efficient 
remedy for the pear blister mite (Hriophyes pyri Pyst.) Nal. 
Owing to the absence of pear scab no results were obtained as 
to the value of this treatment for this disease. For the same rea- 
son there were no data as to the effects of an early application 
of a sulphur wash upon brown rot. 

From the result's obtained in this season’s work it seems safe 
to conclude that one application of a sulphur wash during dor- 
mant season may be safely relied on to take the place of the 
usual treatment with the bordeaux mixture for the control of — 
apple scab and scale. <A system of spraying that seems well 
adapted for the treatment of scale-infested orchards for scale, 
scab and codling moth is one application of a sulphur wash 
during dormant season, followed with the usual second and third 
applications of the bordeaux-arsenical mixture. 


BULLETINS PUBLISHED DURING 1905. 


No. 261. January.—Some of the relations of casein and para- 
casein to bases and acids, and their application to 
cheddar cheese. L. L. Van Slyke and E. B. Hart. 
Pages 37. 

No. 262. January.—Sulphur washes for orchard treatment. II. 
P. J. Parrott, 8. A. Beach and F. A. Sirrine. Pages 
30, plates 4. 

No. 263. March.—The proteids of butter in relation to mottled 
butter. L. L. Van Slyke and E. B. Hart. Pages 25, 
plate 1. | | 

No. 264. March.—Potat'o spraying experiments in 1904. F. C. 
Stewart, H. J. Eustace and F. A. Sirrine. Pages 
110, plates 16, map 1. : 


No. 


No. 


_No. 
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. 265. 


270 t:; 


. 268. 
oy. 


. 210. 


eae. 
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I. Plant food constituents used by bearing fruit trees. 
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THE ADAPTABILITY OF CONCENTRATED BY-PRO- 
DUCTS IN POULTRY FEEDING.* 


W. P. WHEELER. 





SUMMARY. 


Poultry require at times a much larger proportion of protein 
and of mineral matter in the ration than common grain foods will 
supply. To prevent lack of these essential constituents concen- 
trated by-products of various kinds are fed. The adaptability of 
many of these materials cannot be satisfactorily determined ex- 
cept by observing the effects of their use under various conditions. 
As contributing toward this knowledge results from a few feed- 
ing trials in which concentrated by-products were freely used are 
here reported. | 

Of three highly nitrogenous rations fed to ducklings, one con- 
taining dried blood and bone-meal was associated with much 
slower rate of growth than one containing animal meal and an- 
other, containing “ milk albumen” and bone meal; though the 
“same amount of food under each ration gave equal increase 
in weight. The superiority of the two rations seemed due chiefly 
to their greater palatability. 

Of four rations carrying much concentrated food one con- 
taining a large proportion of gluten meals proved inferior. when 
fed to young chicks, to another having in addition bone-meal, 
and much inferior to others in which most of the gluten meal 
was replaced by animal meal or a by-product called “ milk 
albumen.” Unpalatability seemed largely responsible for the 


*A reprint of Bulletin No. 271. 
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inferiority of fhe two rations. The poorest was also deficient in 
mineral-matter. 

The rations containing “milk albumen” were more palatable 
and seemed more healthful than the others, but owing to the 
higher price for this food it was not profitably used in the de- 
sired quantity. The rations containing animal meal were more 
profitably fed. 

The results and observations in general, like those from other 
trials, show a greater disadvantage in the free use of foods of 
uncertain palatability and healthfulness during earlier stages 
of growth than at any other time. 


INTRODUCTION. 


The question as to the source of additional protein for the 
ration continues to be an important one. This is particularly 
true in poultry feeding, when large flocks are kept in confine- 
ment. It is especially important that there shall be no lack 
of this essential constituent of the food at the time for rapid 
growth by the young. . 

Because the ordinary grains and coarse foods which must usu- 
ally constitute the bulk of the ration do not supply a satis- 
factory proportion of protein various by-products are regularly 
fed. Several different forms of animal products are in quite 
common use, as well as gluten meals and other highly nitrogen- 
ous materials. Foods which differ little in protein content .as 
ordinarily determined, or in cost, do not correspond closely in 
efficiency. Sometimes palatability seems to be the chief cause 
for difference, sometimes the condition of the food as affecting 
digestibility. Often the reasons for different effects are not very 
obvious. At times hardly perceptible taint in a food will render 
it unsafe for the younger chicks although it can be fed with the 
best of results to older fowls. The adaptability of some foods 
can not be very satisfactorily ascertained except by observing 
the effects of their use. For this reason the results of a few 
feeding trials not previously reported, may be of interest. 


EXPERIMENT WITH DUCKLINGS. 


CONDITIONS. 


In one experiment three similar lots of ducklings were fed 
during the period of most rapid growth on rations in which 60 
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per ct. or more of the protein was derived from by-products of 
animal origin. [xcept a small amount of blood meal included in 
a grain mixture fed to each lot, these foods for Lot I consisted 
of “animal meal” and “meat meal,” Lot Il of blood meal 
and bone-meal, and for Lot III of “milk albumen” and bone- 
meal. 

The “ animal meal” used in one ration contained an excessive 
amount of bone, and bone-meal was added to the other rations 
to make the percentage of total ash about alike for all and to 
avoid any possible deficiency of mineral matter, especially of 
phosphate of lime. It is probable that more bone was fed than 
Is necessary or desirable. The total ash constituents of the food 
represented from a little less than 14 per ct. to something over 
17 per ct. of the total dry matter in the different rations. Aside 
from the different animal foods mentioned the rations were 
practically alike. | | 

The ducklings were hatched together and were all from the 
same stock. lxperimental feeding began when they were one 
week old. There were 30 birds in each lot for the first five 
weeks. The number was then reduced to 25 in each. 


FOODS. 


Besides the prepared foods mentioned, green alfalfa was fed 
to each lot, corn meal and a mixture, “8S,” composed of four 
parts of cream gluten meal, two parts each of pea meal and 
low grade flour and one part each of corn meal, wheat mid- 
dlings and blood meal. To every hundred pounds of this mix- 
ture five ounces of salt was added. Sand was regularly mixed 
in the. food. 

The accompanying table shows the average composition of 
each food. 


TABLE J.—CoMPoOSITION oF Foops USsEp FoR DUCKLINGS. 














‘ Nictras Ether 

FOOD. Moisture. | Protein. Ash. Fiber. eiiiaat extract, 

me ; (T’ats.) 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
Mixture 677 2..8. 5.6% Paine Slee 17, 9 49.5 tarts} 
FOGTHCINGAL ¢ es care ss 5 14.6 S| 1.4 1.9 70.4 3.6 
Meat meal........... 7.8 G2, 4.6 (?) Rhee aly ees: 
Aninial: meal sas... 20 5.8 Sle: 39.8 (2) a7 17.3 
loo meal mi aes. es 11.0 Rok 3:0 (?) 6 5 
**Milk albumen’’..... 10.0 38.6 30°9 (?) 20.0 5 
Bone Meals Fe.5,.s4008 5.6 19.9 64.3 C2 4.3 5.9 
PRUE A RAE yest. s'. oete (iis St 2.0 6.0 9.9 Bi 
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VALUATIONS OF FOODS. 


While there are continual fluctuations in the prices of feeding 
stuffs, the concentrated products usually cost much more than 
the ordinary grain foods. In estimating the cost of different 
rations for comparison, prices are taken that would not hold at 
all times, but which fairly represent the usual relative prices 
for the different materials. The foods used in the feeding trials 
reported in this bulletin were rated at the following prices: 
Corn meal, low grade flour and pea-meal at $22.50 per ton,- 
wheat bran at $19, wheat middlings at $21, germ gluten meal 
and Atlas “gluten meal” at $25.50, Chicago gluten meal at 
$26, cream gluten meal at $29.50, linseed meal at $29 per ton, 
corn at 60 cents per bushel, wheat at 87 cents per bushel and ail 
ereen fodder at $2 per ton. Meat meal, meat and bone and 
bone-meal were rated at $30, animal meal at $35, and blood 
meal at $50 per ton, “milk albumen” cost 3 cents per pound. 

The records from feeding for nine weeks with the results 
averaged for periods of one week are shown in the accompany- 
ing tables. : 
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RATIONS. 


The total food eaten per fowl] during the first five weeks con- 
tained of dry matter 88.6 ounces for Lot I, 67.5 ounces for Lot 
II and 80 ounces for Lot III. During the next four weeks the © 
amount was 173.4 ounces for Lot I, 146.7 ounces for Lot IIL and 
172.5 ounces‘for Lot III. For the whole time Lot I took over 
22 per ct. more food than Lot II and less than 4 per ct. more than 
Lot III. 5 

On the average for the entire period the ash constituents repre- 
sented about 14.9 per ct. of the total dry matter for Lot I, about 
13.7 per ct. for Lot II and about 17.4 per ct. for Lot III. Of the 
total protein in the ration about 61.5 per ct. on the average for 
Lot I was derived from animal food, for Lot Il about 62.7 per 
ct. and for Lot III a little over 60 per ct. The proportion for 
any week varied but little from the average. The ration for Lot 
II having the blood meal had a somewhat narrower nutritive 
ratio most of the time than those for the other lots. For all, 
however, this ratio was considerably narrower than is necessary. 
Under ordinary conditions wider rations would also be more 


economical. 
RESULTS. 


The average gain in weight per fowl for the nine weeks was 
82.2 ounces for Lot I, 67.7 ounces for Lot II and 81 ounces for 
Lot III, the growth by Lot I being over 21 per ct. greater and 
that by Lot III nearly 20 per ct. greater than that made by Lot 
II. During the first five weeks considerably the fastest growth 
was made by Lot I and considerably the slowest by Lot II. 
During the next four weeks there was less difference in growth 
by the several lots, Lot III going a little ahead and Lot II a little 
behind Lot I. ; . 

The relation of increase in weight to the consumption of food 
was, on the average for the whole time, almost exactly alike for 
the three lots, one pound gain being made for every 3.1 pounds of 
dry matter in the food. For the first five weeks Lot I made a 
pound gain in weight for every 2.2 pounds of dry matter in the 
food, Lot II one pound for every 2.5 pounds and Lot III one 
pound for every 2.38 pounds. During the next four weeks for 
each pound gain Lot I required 4.1 pounds, Lot II 3.6 pounds 
and Lot III 3.8 pounds of dry matter in food. 
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The cost of food for each pound gain in weight during the first 
five weeks was about 3.4 cents for Lot I, 4.6 cents for Lot IJ and 
4.5 cents for Lot III. For the next four weeks it was about 6.4 
cents for Lot I, 6.5 cents for Lot II and 7.6 cents for Lot III. 
The average food cost of each pound gain in weight for the whole 
trial was 4.8 cents for Lot I, 5.7 cents for Lot II and 6.1 cents 
for Lot III. 
IN CONCLUSION. 


Continued feeding the same rations for a short time indicated 
that growth which had been retarded under the one ration was 
not permanently checked. While growth became slower with 
the maturing birds, those of Lot II made slightly the better gains. 
Similar results have appeared in other experiments when the 
inferior rations have not been radically deficient. 

After the different rations had been fed for ten weeks, the 
birds being then 11 weeks old, and in two lots nearly full grown, 
the general appearance of the flocks was much in favor of Lot 
IJi. The birds were nearly all in good plumage, completely 
and evenly covered with feathers. Those in Lot I, though aver- 
aging somewhat heavier, showed decidedly more unevenness in 
plumage. Only a few were covered with feathers, the majority 
showing patches covered only with down and pin feathers. They 
were, however, in better plumage than Lot II. At ten weeks of 
age the average weight for Lot I was 5.4 pounds, for Lot II 4.6 
pounds and for Lot III 5.8 pounds. Subsequent growth was 
hardly_made at a profit, but during the following week the aver- 
age gain per fowl was 5.6 ounces for Lot I, 6.6 ounces for Lot II 
and 6.2 ounces for Lot III, the food consumption being at the 
rate of from 7 to 9 pounds of dry matter for each pound gain. 

The chief cause for the poorer results from the one ration 
seemed to be its somewhat inferior palatability. From 16 to 18 
per ct. more food, on the average, was taken by Lots I and III. 
Although less food was taken by Lot II, it was used as efficiently, 
on the whole, as the larger quantities taken by the other lots. 
During the earlier stages of growth the food was used to less 
advantage, but for the last month of feeding even less food was 
required per pound gain than by Lots I and III. | 

The ration for Lot III was in some respects the more satisfac- 
tory and permitted practically equal growth to that by Lot I. 
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Owing to the higher price for the by-product called “ milk albu- 
men” the ration was less profitable, the average cost of growth 
exceeding by over 27 per ct. that for Lot I. 


EXPERIMENT WITH CHICKS. 
CONDITIONS. 


At another time four similar lots of chicks were fed for two 
months on rations in which most of the protein was derived from 
highly nitrogenous by-products. For two lots there was added 
to the basal ration animal food. Except for a little bone meal 
fed to one lot the two others had no food of animal origin. The 
added food supplied from about one-quarter to one-third of the 
total dry matter of the ration and about half of the total protein. 
The experimental feeding began when the chicks were two weeks 
old. 

FOODS AND RATIONS. 

Each lot was fed cracked corn, wheat, green alfalfa and two 
ground grain mixtures. One mixture, “T,’ consisted of two 
parts by weight of corn meal and one part each of wheat bran 
and wheat middlings. Another mixture, “ V,” consisted of four 
parts corn meal, three parts each of wheat middlings, Chicago 
gluten meal, germ gluten meal and Atlas “gluten meal” and 
two parts each of O. P. linseed meal and wheat bran. Besides 
these foods Lot IV, was fed animal meal, Lot V, “ milk albumen ” 
(a by-product from milk sugar factories), Lot VI, Chicago gluten 
meal and later cream gluten meal, and Lot VII ground bone with 
either Chicago gluten meal or cream gluten meal. The accom- 
panying table shows the average composition of each food. 


TABLE V.—CoMPOSITION OF Foops UsrEp FoR CHICKS. 





N.-free Ether 


FOOD. Moisture. | Protein. Ash. Fiber. extract. extract. 

(Fat.) 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
Maxture:! Viv ice <a 2.9 23.8 2.8 ad 48.8 6.0 
TKtuUTe ses eee ees, 6 ie: 12.0 2.9 4.9 60.8 3.7 
Cormumeals or Giase si 15.5 7.9 1.4 5.4 66.7 3.1 
Chicago gluten meal.. TIO 36.5 9 222 47.1 2.3 
Cream gluten meal., 10.6 42.7 LeO 1.0 43.9 & 

k albumen”’..... 7-0 §2.7 23.6 (?) 14.0 2.1. 

Meat meal........... 9.4 62.1 3.8 (?) 9.3 15.4 
mel meals. 2 oss s 6.4 37.6 42.8 or 4.5 8.7 
Blood meal.......... 112 81.3 3.1 (? 4.1 3 
Bone meal........... 5.6 19.9 64.3 (?) 4.3 5.9 
Pi, Seemne its. once 79.6 4.0 1.8 5.3 8.8 .5 
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The proportion of the total dry matter of the ration supplied 
by the various added foods was on the average about 26 per ct. 
for Lots IV and V, about 24 per ct. for Lot VI, and about 34 per 
ct. for Lot VII. The large proportion in the case of Lot VII, was 
due to the addition of bone meal with the gluten meals to avoid 
any deficiency of phosphate of lime, such as presumably existed 
in the ration for Lot VI. The proportion of the total dry matter 
represented by all the ash constituents was on the average for 
Lot IV 14 per ct., for Lot V 8.8 per ct., for Lot VI 2.8 per ct., 
and for Lot VII 6.4 per ct. During the first four weeks of feed- 
ing this percentage was slightly lower than the average with 
each lot. The proportion of the total protein derived from the 
added food was about 44 per ct. for Lot IV, over 52 per et. for 
Lot V, about 46 per ct. for Lot VI, and 54 per ct. for Lot VII. 
There would have been less variation in this respect had the 
foods used corresponded more closely with preliminary samples. 
The nutritive ratio varied somewhat at different times with each 
lot from about 1:2.3 to 1:3.5, being most of the time consider- 
ably narrower than is necessary. 


RESULTS. 


The condensed records of feeding and the results averaged 
for periods of two weeks are given in the accompanying tables. 
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Most of the chicks were Leghorns. In general, growth was slow. 
The average gain in weight made per chick was 12.9 ounces for 
Lot IV, 11.5 ounces for Lot V, 4.6 ounces for Lot VI and 9.0 
ounces for Lot VII. During the first four weeks the average gains 
were respectively 7.1 ounces, 5.0 ounces, 1.9 ounces and 3.5 ounces. 
The dry matter in the food consumed for each pound gain in 
weight was on the average 4.4 pounds for Lot IV, 4.6 pounds for 
Lot V, 6.9 pounds for Lot VI and 4.1 pounds for Lot VII. Dur- 
ing the first four weeks the ratio was 2.8 pounds for Lot IV, 3.3 
pounds for Lot V, 6.0 pounds for Lot VI, and 3.7 pounds for 
Lot VII. 

The cost of food for each pound gain in weight was 7.4 cents 
for Lot IV, 9.0 cents for Lot V, 14.6 cents for Lot VI and 
6.4 cents for Lot VII. During the first four weeks these costs 
were 4.6 cents, 6.4 cents, 12.8 cents and 6.3 cents for each respec- 
tively. Allowance is made for any loss caused by accident 
obviously uninfluenced by feeding. The weight of any chick that 
died was accounted as loss in weight when estimating the food 
cost of growth made. 


COM MENTS. 


An unusually large number of chicks died during the experi- 
ment and a few were taken by crows. Although each lot con- 
tained chicks of five breeds and crosses, over 90 per ct. of those 
that died during the first two weeks, when most of the loss 
occurred, were of one breed (W. Wyandottes). This with other 
considerations, seemed to indicate that the excessive mortality 
was due chiefly to low vitality in certain stock and not so much 
to radical defects in all the rations. On the other hand some lack 
of vigor in the stock might more plainly evidence the relative 
healthfulness of different foods, although their absolute capa- 
bilities might not be fully shown. 

When the death of weaker chicks seems caused or hastened by 
an unusual ration the final net result is the better indication of its 
value, but when loss occurs through accident obviously unrelated 
to the food, average individual results for the different periods 
are the better guide. The general appearance of health and 
vigor, or the opposite, counts for much with the feeder though 
not always plainly indicated by the ordinary data collected. 
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In earlier experiments it was always found difficult, except 
-by feeding unusua] materials, to compound a ration solely of 
vegetabie origin that would be as palatable and efficient as one 
containing ‘animal foods. In this case the less costly ration for 
Lot VI containing no animal food, and also supposedly lacking in 
mineral matter, gave much the poorer results. Growth was 
exceedingly slow and more food was required for the little made. 
Owing to excessive mortality among the chicks the net cost of 
production was high and unprofitable. 

With small lots of chicks inferiority in average rate of growth, 
as age increases, under one ration as compared with another may 
sometimes be due to a much smaller proportion of males. No 
disadvantage to Lot VI came from this factor, for 56 per ct. of 
the chicks proved to be males in Lot VI, while in the other three 
lots the percentage ran from 41 to 42. 

Lot VII having the same foods as Lot VI with addition of 
some bone meal made a better showing, but one in general 
inferior to that for either Lot 1V or V. While somewhat less 
food, on the average, was required per pound gain and at a lower 
cost than for any other lot, growth was very slow. About 28 
per ct. faster growth was made by Lot V and 43 per ct. faster 
by Lot IV. The unpalatability of the ration for Lot VII seemed 
chiefiy responsible for its inferiority to the two others, for the 
relation of product to food with the smaller consumption was as 
good on the average as for other lots. The ration tor Lot VI 
suffered on this account though inferior in other ways. Flavor- 
ing the gluten meals with oil of anise and fenugreek did not 
lead to much greater consumption. ‘“ Cream gluten meal” was 
more readily eaten than “Chicago gluten meal” and was fed 
during the Jatter half of the trial. None of the concentrated 
by-products mentioned was fed separately but always mixed with 
some standard food or foods. , 

The by-product called “milk albumen” was palatable and 
somewhat superior in this respect to the animal meal. It also 
seemed the more healthful food; but the chicks that remained in 
health under the animal meal ration made the faster growth. 
The “ milk albumen ” fed at this time was of much higher grade 
than was obtained later for feeding ducklings (see tables I and 
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V). Because of the higher price for the food, growth under the 
ration containing the “ milk albumen” was the more costly. 

The observations and results, on the whole, as have those of 
other feeding trials, indicated the disadvantage of freely using 
foods of uncertain palatability and healthfulness during earlier 
stages of growth more than at any other time. 
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SUMMARY. 


I. During the past two years much interest has been shown 
in the inoculation of legumes with bacteria to enable the legumes 
to obtain nitrogen from the air. 

II. ‘These bacteria have been distributed in a dried condition 
upon cotton. Before being applied to the seeds the cotton is put 
into a solution of chemicals and the bacteria allowed to multiply. 

III. These packages of treated cotton have had a wide sale 
at a high price—two dollars for a package sufficient to treat an 
acre—while the cost of production was less than ten cents. 

IV. This bulletin gives the results of a bacteriological examin- 
ation of 18 such packages of cotton. 

VY. These examinations made it very evident that the Steines 
were worthless for practical purposes. 

VI. Substantially identical results upon six of these packages 
were obtained in five separate laboratories. 

VIl. It was shown that the failure of these cultures was 
inherent in the method of their preparation rather than in any 
knavery of their producers. 

VIII. While these results will explain the many failures from 
the use of cotton cultures they should not be understood as being 
opposed to the idea of treating the seed of legumes with living 
bacteria. | 


4 


*A reprint of Bulletin No. 270. 


46 REPORT OF THE BACTERIOLOGIST OF THE 


INTRODUCTION. 


The idea of using bacterial cultures for inoculating legumes 
in order to fix nitrogen from the air is an old one. It was quite 
prominently before the public about 10 years ago’ but became dis- 
credited because the cultures were not found to be effective. 

During the past two years this idea has again been brought to 
public notice’ through the announcement that the Department 
of Agriculture at Washington had solved the problem of pre- 
paring active cultures in convenient form for distribution. The 
new method (see Letters Patent, page 51) consists in growing 
Pseudomonas radicicola (Byerinck) Moore, the germ necessary to 
the fixation of nitrogen, in a solution poor in nitrogen, and then 
transferring this growth to absorbent cotton. When dried this 
cotton can be sent through the mail. On receipt by the farmer, 
the cotton is dropped into a solution prepared from chemicals 
and clean water. After developing for two or three days this 
solution is applied to the seed. For the season of 1904, the 
Department sent out large numbers of cultures. Some of the 
results from their use are given in a bulletin? which was issued 
Jan. 23, 1905, and distributed early in February. 

Interest in the subject grew so rapidly that by February 27 
all the cotton cultures which the Department would be able to 
supply to farmers before July 1* had been promised. This made 
it necessary for a large number of interested farmers either to 
omit the use of cultures or to purchase the material in the open 
market. 

During the past winter and spring, inquiries were constantly 
coming to the Station from farmers regarding commercial cul- 
tures for inoculating legumes. Many of these inquirers asked 
specifically concerning the purity and quality of the commercial 
cotton cultures. As this was the first season these firms had 
been doing business, we lacked data from which to answer these 
questions. This bulletin gives the results of an attempt to secure 
such data. 


*Goessman, C. A. Experiments with “ Nitragin.” Hatch Exp. Station, 
Report, 9:177-189. 1897. 

“Grosvenor, G. H. Inoculating the soil. A remarkable discovery in scien- 
tific agriculture. Century Magazine, page 831. October, 1904. 

3Moore, G. T. Soil Inoculation for Legumes. Bul. 71, Bureau of Plant 
Industry, U. 8. Dept. Agr. 

“See circular, page 50. 
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Notwithstanding the active demand for this material, there 
have been, so far as we can learn, but two firms preparing the 
commercial cultures during the present season. The Vermont 
Seed and Soil Inoculation Co., Burlington, Vt., has sold a small 
amount of cotton in this State but we have not been able to 
obtain any of their product through commercial channels. The 
National Nitro-Culture Co., West Chester, Pa., began to adver- 
tise as early as November of last year, and has practically had 
a monopoly of the commercial end of the business during the 
past season. Our orders, placed with the large seedsmen of the 
country, have all beeen filled with these goods. As theirs were 
the only goods that we could find in the open market, a discus- 
sion of the commercial cultures is necessarily restricted tc their 
output. 

ACKNOWLEDGMENTS. 


In addition to the courtesies extended by the Vermont Soil and 
Seed Inoculation Co,, the National Nitro-Culture Co., and the 
Bureau of Piant Industry, we are indebted to a number of 
others. Mr. J. B. Anderson kindly purchased samples for us in 
the open market. Prof. J. L. Stone aided us, both by sug- 
tions and by supplying a considerable amount of cotton cultures 
from various sources. Prof. F. D. Chester, Dr. J. G. Lipman, 
Dr. E. M. Houghton and Dr. C. E. Marshall contributed to the 
accuracy of the work, both by suggestions as to laboratory 
methods, and by carrying out a system of check determinations 
upon duplicate samples of cotton. Johnson & Johnson kindly 
furnished us with some specially high grade cotton for certain 
tests. Our colleague, Mr. E. B. Hart, has been helpful with 
Suggestions and assistance in the chemical questions which have 
arisen. 


OUTLINE OF INVESTIGATION. 
METHOD OF ATTACKING THE PROBLEM. 
Since the cotton was supposed to contain a practically pure 
culture of Pseudomonas radicicola, it seemed that an examination 
in the laboratory might determine that this organism was present 


in proper quantity. It should be remembered, however, that 
much stress has been laid upon the previous training which the 
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~ germs have undergone.® It is conceivable that the proper organ- 
ism might be present in large numbers and still be of little 
value in bringing about the desired fixation of nitrogen in con- 
nection with legumes. Accordingly it was our purpose first to 
study the commercial cotton, and later to test the Ps. radicicola 
found there upon legumes as time and opportunity would permit. 


APPLICATION TO DEPARTMENT FOR CULTURES AND METHODS. 


To make the test upon legumes fair, it was necessary that 
germs from the cotton should be so handled during the interval 
between their isolation and the test as not to decrease their 
ability to fix nitrogen. Since the Department of Agriculture at 
Washington had improved the previous methods of cultivating 
Ps. radicicola so as to accomplish this end, we naturally turned 
to them for information. 

In determining the identity of a new culture in the laboratory, 
it is of great assistance to have an authentic culture for direct 
comparison with the suspected organism. Accordingly, we 
included in our application a request for an authentic culture of 
Ps. radicicola. The following correspondence is self-explana- 
tory: 

GENEVA, N. Y., March 18, 1905. 
Mr. Georce T. Moors, 
Bureau of Plant Industry, 
Washington, D. C. 


Dear Sir :—As you are probably well aware, recent publica- 
tions have created a marked interest on the part of the agricul- 
tural public, in the subject of soil inoculation. Requests for 
information and for cultures are coming to the Station daily. 
In the past we have referred those interested in the sub- 
ject to your Department with the suggestion that they might be 
furnished with sufficient cultures to test the matter on their own 
land. Prof. Stone of Ithaca recently informed me that you had 
suspended distribution of such material. Under the present cir- 
cumstances it seems that the people must either drop the matter 
or purchase material of a commercial firm at what seems an 
exorbitant price. | 


‘Summary of Bul. 71, Bureau of Plant Industry, U. S. Dept. Agr. 
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There are many questions in connection with the use of cul- 
tures which await solution, and in the present situation, it seems 
as though the Station was practically forced to take the matter 
up. Dr. Jordan requests me to inquire whether you are willing to 
furnish us with various stock cultures and other information 
which will assist us in starting this work? 

Yours truly, 
H., A. HARDING, 
Bacteriologist. 


WasHINGTON, D. C., March 28, 1905. 


Pror. H. A. HARDING, 
Bacteriologist, N. Y. Agricultural Experiment Station, 
Geneva, N. Y.: 

Dear Sir:—Your letter of March 18, to Dr. George T. Moore 
is received. In reply to your inquiry regarding the putting up 
of inoculating material for legumes, I would say that we shall 
be very glad indeed to furnish you with all the information 
necessary. For various reasons it seems better for those who 
are undertaking work of this kind to prepare their own stock 
cultures, but if this cannot be done we are willing to furnish 
all the cultures necessary. It is not strictly correct to say 
that we have suspended the distribution of the inoculating 
material. While it is true that our supply for spring sowing 
is practically exhausted, we having promised all that it will be 
possible for us to furnish between now and the first of July, 
it is not our intention to discontinue sending out the material, 
and it is probable that in the future our facilities will be suffi- 
ciently increased to supply all reasonable demand. Prof. Stone 
in his statement probably refers to the circular, a copy of 
which is enclosed herewith, which we have been sending in 
reply to all applications recently received. If you desire 
specific information regarding the method developed by us for 
the cultivation and distribution of the nodule-forming bacteria, 
kindly let me know and I shall be glad to furnish it. 

Yours very truly, 
A. F. WOODS, 
Chief Pathologist and Physiologist. 
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CIRCULAR. 


Dear Srr:—Your letter of recent date in regard to securing 
nitrogen-fixing bacteria has been received. 

We greatly regret that our supply of packages prepared for 
inoculating the legume (or legumes) which you mention is com- 
pletely exhausted. We shall not be able to furnish any greater 
quantity than has already been promised for spring sowing. 
A limited quantity for use with fall-sown leguminous crops 
will, however, be available, application for which should be 
made after July 1, 1905. 

When applying for inoculating material, do not neglect to 
state the probable time for planting, kind of seed, and quantity 
to be treated, so that we may send you the organisms in the 
best possible condition. This is necessary, as our methods re- 
quire the inoculation to be made either before or at the time 
of planting the seed. Full directions for use are included in 
each package sent out. 

The bacteria are beneficial only in connection with legumes 
(including the clovers, vetches, peas, beans, etc.,) and are not 
applicable to other farm or garden crops. Even with legumes 
these bacteria are of no decided benefit except when the proper 
nodule-forming organisms are lacking in the soil, but a crop 
of nodule-bearing legumes improves the soil for succeeding crops. 

In replying please refer to this circular. 

Yours very truly, 
A. F. WOODS, 
Chief Pathologist and Physiologist. 
Approved : 
B. T. GautLtoway, 
Chief of Bureau. 


GENEVA, N. Y., March 25, 1905. 
Dr. A. F. Woops, 
Department of Agriculture, Washington, D. C. 

My Dear Sir:—Yours of March 238, is received. We will be 
very much obliged if you can send us a culture of the organism 
for alfalfa and full directions for propagating and preparing 
the same for distribution. If our other work will permit we 
will desire to obtain other cultures later. 

Yours truly, 
H. A. HARDING, 
Bacteriologist. 
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WasHInetTon, D. C., March 29, 1905. 

Pror. H. A. HARDING, : 

Bacteriologist, N. Y. Agricultural Experiment Station, 
Geneva, N. Y.: 

Dear Sir :—In reply to your letter of March 25, I would say 
that upon investigation I find we do not have on hand at the 
present time any pure cultures of the organism for alfalfa. We 
do not attempt at this time of the year to keep cultures in stock, 
as we depend upon getting fresh ones from the roots of alfalfa 
plants, and we have enough cotton prepared to supply the demand 
for cultures to be sent out before the first of July. However, I 
am sure you will have no difficulty in getting pure cultures for 
yourself if you follow the directions given in the specifications to 
letters patent No. 755,519 issued March 22,°1904. A copy of the 
’ patent can be obtained by writing to the Commissioner of Patents, 
Washington, D. C., and enclosing five cents in currency. In 
case there is any further information I can give you after the 
‘receipt of the formulas contained in the patent specifications, 
do not hesitate to call upon me. 

Yours very truly, 
A. F. WOODS, 
Chief Pathologist and Physiologist. 


A copy of letters patent No. 755,519 was received April 8, 1905. 
UNITED STATES PATENT OFFICE. 


GEORGE T. MOORE, OF WASHINGTON, DISTRICT OF 
COLUMBIA. 


PROcESS OF PREPARING FOR DISTRIBUTION ORGANISMS WHICH 
Fix ATMOSPHERIC NITROGEN. 


Specification forming part of Letters Patent No. 755,519, dated 
March 22, 1904. 
Application filed May 4, 1903. Serial No. 155,695. 
(No specimens.) 
To all whom it may concern: 
Be it known that I, Grorcr T. Moore, a citizen of the United 


States, residing at Washington, in the District of Columbia, have 
invented new and useful improvements in the process of prepar- 
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ing for distribution organisms which fix or gather atmospheric 
nitrogen, of which the following is a specification : 

This application is made under the act of March 3, 1883, chap- 
ter 148, and the invention herein described and claimed, if 
patented, may be used by the government of the United States 
or any of its officers or employees in prosecution of work for the 
government or by any other person in the United States without 
the payment to me of any royalty thereon. 

The invention relates to the process of growing these organisms 
and preparing them for distribution. 

The invention has for its object the production of more highly 
effective organisms and their distribution in a form preventing 
deterioration and easily applied in agriculture. All work that 
has heretofore been done in the cultivation of nitrogen-gathering 
root-tubercle organisms for use in agriculture has been done in . 
culture media containing either decoctions of the leguminous 
plants, from which these specific organisms in each case were ob- 
tained or in media containing some other available form of com- 
bined nitrogen not free or atmospheric. When there is available 
combined nitrogen in the medium, the organisms instead of de- 
pending solely upon the atmospheric nitrogen for their nitrogen- 
supply draw upon the nitrogenous materials of the culture me- 
dium—such, for example, as proteids, nitrates, ammonium com- 
pounds, ete.-—for which reason they do not develop their full nitro- 
gen-gathering power and rapidly deteriorate. 

By my process the organisms are first obtained from the tuber- 
cles or swellings on the roots of the leguminous plants—such as 
clovers, cow-peas, beans, etc. After the tubercles are thoroughly 
washed and surface sterilized in the ordinary ways the interior 
of the tubercle is cut out under sterile conditions and mixed in 
a medium consisting of water containing about one per ct. com- 
mercial agar-agar, about one per cent. maltose sugar or cane- 
sugar, (the former being the better,) about .02 to .05 per ct. 
magnesium sulfate, and about 0.1 per ct. monobasic potassium 
phosphate. This solution is made up in the ordinary way and 
sterilized according to ordinary bacteriological processes. It 
differs from ordinary culture media for bacteria only in the 
absence of a source of combined nitrogen. The agar may be 
‘varied above or below the amount suggested. The maltose or 
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cane-sugar may be increased to ten per cent., the magnesium sul- 
fate to one per cent., the monobasic potassium phosphate to two 
per cent., or the amounts may be lowered below the quantities 
first mentioned. In the latter case, however, the food materials 
are more quickly used up. The organism multiplies as long 
‘as the materials in solution are not exhausted. Other compounds 
may be used as sources of magnesium, potassium, and phosphoric 
acid. Although I usually leave nitrogen out of the culture me- 
dium at this stage, its absence is not essential, as the object of the 
first step is simply to separate the organisms into pure cultures 
free from mold or other contamination, the process of separating 
out in this fashion being familiar to all bacteriologists and in 
common use. They grow best between 20° and 30° ‘centigrade, 
and light or its absence is immaterial. When pure cultures are 
thus obtained, the organism is transferred immediately, or after 
several weeks, if desired, by any of the bacteriological transfer 
methods in use to water containing about one per cent. cane- 
Sugar or maltose, (tke latter being the better,) about .02 to .05 
per ct. magnesium sulfate, and about 0.1 per ct. monobasic potas- 
sium phosphate, or equivalent sources of magnesium, potassium, 
and phosphorus, as in the case of the first-described medium. 
The quantities used may here also vary, as stated above; but the 
per cents. given have been found to be the most favorable for 
growth under ordinary conditions. One cubic centimeter of the 
culture will suffice for impregnating one hundred liters of the 
fluid. Any kind of container or vessel that can be easily cleaned 
will serve for this purpose; but Erlenmeyer flasks are best where 
small quantities are to be cultivated under antiseptic conditions. 
In this solution, which should be kept between 20° and 30° centi- 
grade, in light or in darkness, as desired, the organisms in- 
crease very rapidy and have to obtain all of their nitrogen in the 
free state from the atmosphere or from the atmospheric nitrogen 
in solution in the medium. ‘This liquid culture solution, even 
when in large quantity, will in a few days become milky in 
appearance by the presence of immense numbers of the developing 
organisms. The water containing the organisms, where direct 
use is desired, is then sprinkled upon seeds or soil; but for the 
purposes of preservation and distribution the following steps are 
taken: Absorbent cotton or other equivalent material is dipped 
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into the water containing the organisms or the water containing 
the organisms is sprinkled upon the cotton or other material and 
the same thoroughly air-dried in a chamber free from dust or 
contamination by molds. The drying is facilitated by forcing a 
current of air through the chamber by aspiration through sul- 
furic acid, potassium hydroxid, calcium hydroxid, sodium 
hydroxid, or any of the other ordinary materials used in labora- 
tories for drying. In this_dry form the organisms may be kept 
indefinitely without deterioration or change and may be safely, 
easily, and cheaply transported to any distance, either through 
the mails or otherwise. In using the organisms preserved as 
above described the dry absorbent material containing them is 
simply dropped into a water solution of the same composition 
as above described. Where the purpose is to treat soil or seed, 
it is not necessary to observe strictly antiseptic precautions. 
Ordinary clean vessels or tubs may be used, simply protected 
from dust, and ordinary wellwater or rainwater is used in making 
the culture solution, as the amount of ‘nitrates or ammonia 
which such waters ordinarily contain does not interfere with the 
vitality of the organisms at this stage of the process. The tem- 
perature and light conditions should be as previously stated. In 
from twelve to forty-eight’ hours the organisms will have in- 
creased in the water culture as in the first instance. At this 
stage in order to stimulate a very rapid division of the bacteria 
about one per cent. phosphate of ammonia is added to the culture 
solution. The quantity of liquid culture that may thus be ob- 
tained is limited only by the amount of water used containing the 
sugar, magnesium sulfate, and potassium phosphate or other 
equivalent sources of magnesium, potassium, and phosphorus, as 
above described. After thus obtaining the liquid culture it is 
then necessary only to sprinkle the seeds or soil to be treated 
with water containing the organisms or to dip the seeds into 
water containing the organisms and then dry them in the ordinary 
way to facilitate planting. The propagation of the bacteria 
should not be continued longer than twelve to forty-eight hours 
after the addition of the phosphate of ammonia; otherwise they 
will deteriorate in nitrogen-fixing power, as previously explained, 
and organisms thus stimulated should be used only for seed or 
soil impregnation and not for preservation or distribution. 
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Having thus described my invention, what I claim, and desire 
to secure by Letters Patent, is— 

The process of preparing for distribution nitrogen-gathering 
organisms, which consists in moistening suitable absorbent 
material with a solution in which such organisms are suspended, 
and afterward thoroughly drying the said materials substantially 
as hereinbefore described. 

In testimony whereof I have signed my name to this specifica- 
tion in the presence of two subscribing witnesses. 

GEORGE T. MOORE. 

- Witnesses : 

A. K. Woops, 
Gro. P. McCasn. 


MEDIA USED IN THE INVESTIGATION, 


The Letters Patent of Dr. Moore gives a clear statement of the 
media required in developing cultures of Ps. radicicola. Con- 
cerning the water and the ammonium phosphate to be used, the 
directions might have been more specific. 

While the water is not designated as “ distilled,” that is the 
kind commonly used in making bacteriological media. More- 
over, the reference to ‘“ ordinary wellwater or rainwater ” toward 
the close of the paper, evidently precludes the idea of their 
being used in the laboratory work. It has accordingly been 
taken for granted that distilled water was what. was intended. 

“ Phosphate of ammonia” does not! indicate which of the three 
possible forms is to be used. This point was referred to Dr. 
Moore, who replied as follows: 


WASHINGTON, D. C., July 27, 1905. 
Pror. H. A. HARDING, ; 
Bacteriologist, N. Y. Agricultural Ex. Station, 
Geneva, N. Y.. 

Dear Sir:—Your letter of July 14 was awaiting me upon my 
return to Washington, and I hasten to reply. 

We have experimented with all of the ammonium phosphates 
and while the mono-basic seem to be a little the best, we have 
used the di-basic almost entirely because of its cheapness. 

Our experience with the tri-basic salt was that the solution pro- 
duced was too alkaline, and it did not seem to be quite so soluble. 
This may have been due to the particular grade we had at the 
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time, but' for all practical purposes I think the di-basic is the 
best to use. I am very truly yours, 
GEORGE T. MOORE, 
Physiologist and Algologist. 


While the formule of Dr. Moore have been most used, other 
combinations have been employed. For the sake of brevity and 
exactness these combinations are given below, accompanied by a 
laboratory number which has been found useful in our records. 
In this media record the digits signify the form of media, as 
bouillon, gelatin, or agar; the first decimal place gives the kind 
of sugar employed and the second decimal place is left for any 
other variation. Thus, 1.31 and 3.31 signify the Washington 
formula for bouillon and agar respectively. 


MeptIA USED IN INVESTIGATION. 


SF? 














Laboratory : 
number of COMPOSITION OF THE MEDIA, Reaction. 
media. 
1.00 5 gr. Beef extract—Liebig’s i 
5 gr. NaCl 1.5 per cent normal acid 
10 gr. Witte’s peptone to phenolthaline 
1000 gr. Distilled water 
1231 Ler eee ee monobasic 
ite Caren Soest muDnBtS Reaction not adjusted 
1000 gr. Distilled water | 
, | , 
1 bese 2 Same as above, using tap water | Reaction not adjusted 
1333 Same as above, using well water | Reaction not adjusted 
‘ ; ; | 
1.34 Same as above, using rain water from a cistern | Reaction not adjusted 
eu 5 gr. Beef extract—Liebig’s 
5 gr. NaC} ‘ 
10 gr. Peptone—Witte’s 1.5 per cent normal acid 
1000 gr. Distilled water to phenolthaline 
15 gr. Agar 
10 gr. Lactose 
3.31 1 gr. Potassium Phosphate—monobasie 
0.5 gr. Magnesium sulphate 
10 gr. Cane sugar No adjustment in reaction 
10 gr. Agar 
1000 gr. Distilled water 
3.32 Same as above, using tap water No adjustment in reaction 


3.34 Same as above, using rain water from a cistern | No adjustment in reaction 
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SEARCH FOR PS. RADICICOLA ON DEPARTMENT COTTON. 


Having failed to secure an authentic culture of Ps. radicicola, 
but having the directions for properly isolating the culture, 
recourse was had to the cotton sent out from the Department at 
Washington as the most reliable source for obtaining the desired 
organism. . 

April 18, Prof. Stone kindly placed at our disposal a package 
which he had received from Washington approximately two 
weeks previous to that date. It was stamped “Alfalfa. Culture 
No. 256.” The cotton in this package was wrapped in layers of 
paper and this in tinfoil. The package was sealed by the label 
which was intact at the time we received it. 

At each examination the package was carefully opened under 
conditions which would offer the smallest practical opportunity 
for contamination. After removing the desired sample of cotton 
with sterile instruments, the remainder was carefully returned 
to the package. This and all the other packages were held in 
our stock culture room at approximately 17° C. (65° F.) when 
not being used in the laboratory. 

First attempt.—We assumed that Ps. rad icicola was present on 
the cotton in immense numbers. In such a case a short soaking 
in water would loosen quantities of them so that they might be 
recovered by plate methods. 

On April 12, a portion of the cotton, the size of a small test 
tube plug, was placed in sterile water for two hours and repeat- 
edly shaken. An ordinary platinum loop of this water was then 
plated in (8.20 and 3.31) agar. On April 22, no growth had 
appeared on any of the plates except a few molds and a few 
chromogenic bacteria, evidently not Ps. radicicola. 

Second attempt.—By April 17, it had become evident that no 
satisfactory growth was appearing on the first set of plates. 
The sample of cotton had now been five days in the sterile water 
with no evidence of growth. Thinking that food material 
might induce some development, 5 cc. of (1.00) bouillon was 
now added. Two days later plates were made as before, using 
(3.20 and 3.31) agar. At this time there was.a slight turbidity 
in the finid surrounding the cotton and a hanging drop 
examination under the microscope showed germ life to be fairly 
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abundant. April 22, the plates of both kinds of agar contained 
abundant but miscellaneous growth. No colonies resembled Ps. 
radicicola. 

Third attempt.—On April 17, a portion of the Department cot- 
ton, the size of a walnut, was placed in a sterile flask containing 
40 ce. of sterile distilled water and: 5cc. of melted (3.31) agar. On 
the following day plates were made with (38.31) agar and quanti- 
ties of fluid from the flask ranging from-a drop to 1 cc. On 
April 27, no colonies had appeared on the plates which had 
received 1 cc. and % cc. respectively, and in the entire series 
only an occasional colony appeared on a few of the plates. These 
colonies did not resemble Ps. radicicola. 

Fourth attempt.—The authentic culture of Ps. radicicola which 
we desired before attacking the main problem had now been 
received from Washington (see p. 62), but our repeated 
failures seemed to justify another examination of the Department 
cotton. This time the cotton culture was allowed to develop in 
the nutrient solution which was said to be favorable to the desired 
germ. but unfavorable to the growth of other forms.® ~ 

On April 24, a piece of the Department cotton the size of a test 
tube plug was placed in a sterile flask containing 250 cc. (1.31) 
bouillon. By April 27 the mixture was decidedly turbid and an 
examination in hanging drop showed an abundant growth of 
yeasts. On April 29 plates were made with (3.20 and 3.31) agar, 
inoculating with one loop from the flask and making a transfer 
from this tube to two other tubes. May 5 there was an abundant 
growth on all of the plates. <A few of the colonies were yellow. 
The remainder were chalky though somewhat transparent and 
might be mistaken for Ps. radicicola. Microscopic examination 
showed these colonies to be veasts. | 


CONTROL. OF THE MEDIA. 


Such repeated failures would have cast suspicion upon the 
quality of our media but for some accompanying observations. 
On April 12 and 19 cultures were made in considerable numbers 
from nodules on alfalfa plants. On each of these days we used 
for this purpose portions of the same media which were used on 


*Moore, G. T., and Robinson, T. R. U.S. Dept..of Agr., Farmer’s Bul. 
No. 214, p. 16, 1905. 


~ 
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these days in the examination of the Department cotton. The 
plates inoculated from the nodules and from the cotton solutions 
were grown side by side. While the plates representing the 
cotton solutions failed, all but one of the plates inoculated from 
the nodules developed colonies which closely resembled the 
description of Ps. radicicola. Transfers from these colonies were 
later compared with the authentic cultures from Washington 
and are thought to be identical. In many of the plates from the 
nodules the growth of Ps. radicicola was both abundant and prac- 
tically pure. | 

Exception may be taken that inoculating from the nodule 
introduced a trace of nitrogen into the cultures. The repeated 
transfers from the first tube to a second and from this to a third 
must have reduced this trace of nitrogen very considerably. 
However, in order to insure purity in the stock culture, transfers 
from these colonies were again plated on a portion of the same 
media and grew equally well. In this case the parallelism with 
the media used for the cotton was above reproach. 

From all this it would seem: fair to assume that the media were 
favorable for a development of Ps. radicicola had it been present 
in any considerable quantities upon the cotton. Isolation of 
Ps. radicocola from different legumes was carried out on this 
and similar media at various dates but these two cases are cited 
since the media and conditions were identical with those em- 
ployed in the working with the cotton.’ 


PURCHASE OF COMMERCIAL CULTURES. 


The purchase of commercial cultures for alfalfa, cowpea, and 
soy beans was made through Mr. J. B. Anderson. Packages of 
each were obtained from Jas. Vick’s Sons, Rochester, N. Y., 
J. M. Thorburn & Co. and Peter Henderson & Co., New York, 
and J. A. Salzer, LaCrosse, Wis. These widely separated firms 
were expected to furnish a fair sample of the market supply. 
All of the packages bore the stamp and contained the advertis- 
ing matter of the National Nitro-Culture Co. 


7Four other packages from the Department laboratory were examined with 
entirely similar results. We do not assume, however, by stating this fact 
that the Department cultures have generally been worthless. That question 
we have not compassed in a comprehensive way. Our main purpose has 
been to ascertain the value of the cultures put out by commercial houses, 
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DATES OF PREPARATION, RECEIPT AND EXAMINATION OF COMMERCIAL CULTURES. 








Label | W here Date on Date ‘ 

No. Legume. purchased. package. received. Examined. 
Drentesaies AIPA Rot eer Wack ne. ent 4-15-05 5- 4-05 | May 10, June 5, 6, 7,8 
Dube tect ATAU ae eis a Henderson .|. 4-15-05 5- 5-05 | May 10, June 5, 6, 7,8 
BR Alfalfan.c oss Thorburn... 4-15-05 5-— 5-05 | May 10, June 5, 6, 7,8 
Oh and cee Alfalfa: a, sons SSIZCL rh. 4-15-05 5- 6-05 | May 10, June 6, 7, 8.8 
Get occ bi Soy Bean..... Henderson . 1— 1-05 5— 5-05 | May 10, 19, 25. 

LO Sie os Soy Bean..... Salzer se she.30 1-— 1-05 5- 6-05 | May 10, 19, 25. 
Sie eae Soy Bean..... Thorburn... 1— 1-05 5— 5-05 i May.10;5119> 25: 
iV Rae Soy, beans isen!! VaekKi-. acme 1-"1-05 5-10-05 | May 10, 19, 25. 
16,286. Cow Pea...... Salzer..7..2: 4-15-05 5- 6-05 | May 10, June 13, 14. 
LU firetotetares » Cow Pea..... | Lhorburnic. . 2-15-05 5— 5-05 | May 10, June 13, 14. 
TS aes iews OOWwree Ga. tan Vick es oe. 1-15-05 5- 4-05 | May 10, June 13, 14. 
TOG SS « Cow Pea...... Henderson . 4-15-05 5- 5-05 | May 10; June 138, 14. 











METHOD OF MAKING THE TESTS. 


It will be seen that the packages for alfalfa were all of the same 
date and presumably were prepared from the same stock solution 
at the laboratory of the company. They accordingly served as a 
check upon the individual determinations. The same holds true 
of the cotton for soy beans as well as of two of the packages for 
cowpea. 

In making a test of the cultures about one-sixth of a pack- 
age of cotton was carefully transferred to a 300-450 cc. Erlen- 
meyer flask containing 100 cc. of sterile, peptone-free (1.31) 
bouillon. The proportion of cotton to liquid was larger than is 
called for in-the directions accompanying the package. On one 
occasion 200 cc. of fluid and larger amount of cotton was used. 
The packages for soy beans were tested at one date with bouillon 
from which the sugar was omitted. At one test of the packages 
for alfalfa the bouillon was carefully prepared from boiled water 
immediately before use but was not sterilized. 

In all of the tests after the first one of May 10, one-half per 
ct. ammonium phosphate was added in sterile solution at the 
end of twenty-four hours. 

Plates on the peptone-free (3.381) agar were usually prepared 
on the third day, but at times on the second or fourth day. In 
inoculating the plates a single transfer was made with a platinum 
loop from the flask to a tube of melted agar. In like manner 
transfers were made from this tube to a second and from the 
second to a third tube. The Petri dishes were enclosed in paper 
bags and kept at first at approximately 21° ©. (70° F.) and later 
at 25-28° ©. (77-82° F.). The plates were inspected frequently 
and usually recorded on the fifth and tenth days. 
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RESULTS OF THE TESTS. 


_ Alfalfa.—Packages Nos. 2, 3, 4, 5. The results of nineteen 
examinations of the packages may be summarized as follows: 
In no case was there more than an occasional colony which 
resembled Ps. radicicola. A large number of these suspicious 
colonies as well as examples of the various types of colonies which 
appeared were examined microscopically by staining and hang- 
ing drop, and in doubtful cases by sub-culture. In no case did 
we recover cultures which appeared to be Ps. radicicola. A few 
colonies of this germ may have been present and _ been 
overlooked. 

Soy bean.—Packages Nos. 9, 10, 18, 14. The results of twelve 
examinations were practically identical. The packages of cotton 
each produced an abundant growth of pink yeast and very little 
else. Three colonies obtained May 10 from package No. 10 were 
thought to be Ps. redicicola. This was the first examination and 
unfortunately this point was not fully determined. ' 

Cowpea.—Packages Nos. 16, 17, 18, 19. The results of the 
twelve examinations differ from those of the other packages in 
some respects. It will be observed that the packages bear differ- 
ent dates. No. 18 was about four months old at the time of its 
first examination and four examinations failed to show a single 
colony which resembled Ps. radicicola, No. 17 was dated a month 
later, but the results of the examinations were simliar to those of 
No. 18. Nos. 16 and 19 were dated but a month before the first 
examination. In all three tests of each package there developed 
a considerable number of colonies resembling Ps. radicicola 
except that they had a greenish-yellow tinge, especially at the 
nucleus of the colony. 

As a tendency to the production of a yellow pigment is noted 
by Sprague® in the case of Ps. radicicola from cow pea these 
colonies are temporarily classed as Ps. radicicola. 


CONTROL FLASKS, 


At the second examination of the cotton for alfalfa on June 5, 
two flasks were inoculated with stock cultures of Ps. radicicola, 
These flasks contained a portion of the same medium used in the 


®Sprague, L. P. The Fixation of Nitrogen by Leguminous Plants, Thesis, - 
University of Vermont, May 1, 1905. 
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tests of packages Nos. 2, 3 and 4. One stock culture had been 
isolated from an alfalfa nodule in our laboratory, while the other 
was that received from the Department at Washington. This 
came to us April 20: accompanied by the following letter: 


WASHINGTON, .D. C., April 20, 1905. 
Pror. H. A. HARDING, 
Geneva, N. Y. 

Dear Sir :—Since writing you that it would be impossible to 
send you a culture for alfalfa, owing to the material being 
exhausted, I find that it has been necessary to make up a fresh 
lot of cultures. Consequently I am sending you a pure culture 
for alfalfa and hope it may reach you in time for your experi- 
ments. Yours very truly, 

A. F. WOODS 
Chief Pathologist and Physiologist. 


The appropriate amount of sterile ammonium phosphate solu- 
tion was added at the end of twenty-four hours and there was a 
good turbidity in both flasks on the following day. Plates made 
on the third day gave an abundant growth in both cases of prac- 
tically pure Ps. radicicola. Three foreign colonies were the 
maximum number found on any plate. The three samples of 
cotton, Nos. 2, 3, and 4, examined at the same time and handled 
in as nearly the same way as was possible did not produce a sin- 
gle colony which was thought to be Ps. radicicola. 

In carrying out these tests of the cotton, there is always a 
short exposure to laboratory air, both in introducing the cotton 
and in making the plates. In order to check this factor, flasks of 
sterile media to which no cotton was added, received their pro- 
portion of ammonium phosphate solution and were otherwise 
manipulated as were the test flasks of June 6,13 and 14. Plates 
from these check flasks developed only a single colony of bacteria 
and no yeasts. A few mold colonies also appeared. 

On June 7 a similar task received its ammonium phosphate in 
the form of crystals from a National Nitro-Culture Co. package. 
While this flask did not become turbid, a plate inoculated with a 
single platinum loop produced about 200 colonies of bacteria not 
resembling Ps. radicicola. On June 8 a sterile flask received 100 
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ce. of freshly made, but not sterile, solution (1.381). On the 
second day the flask showed a good turbidity. Plates gave an 
abundant growth, but none of the colonies resembled Ps. radici- 
cola. 

‘From the results with the control flasks of June 5 it would 
seém fair to suppose that the conditions in the test flasks were 
'favorable for the development of Ps. radicicola. The results 
from the fiasks of June 6, 18, and 14 render it probable that the 
manipulation did not introduce enough contamination to inter- 
-fere with the growth of anything which may have been upon the 
cotton. Morever, the results with the flask of June 8 indicate 
that when the directions® are followed by the farmer, the produc- 
tion of turbidity on the second day is not proof that the develop- 
ment of Ps. radicicola is progressing satisfactorily. 


A CO-OPERATIVE TEST OF THE COMMERCIAL COTTON 
CULTURES. 
PLAN OF THE TEST. 

The uniform failure of the commercial packages to develop 
vigorous cultures of the desired organism when given a favorable 
opportunity was a surprising result. A proper regard for the 
right of the parties interested demanded that these results be 
carefully verified before they were published. Accordingly the 
situation was explained to a number of bacteriologists, all of 
whom were more or less familiar with the organism under dis- 
cussion, and they: kindly consented to make check determinations ° | 
of samples of cotton. 





®*DIRECTIONS FOR Usine Nirro-CuLtureE: To Prepare Solution.—Procure 
a jar or bottle that can be scalded out thoroughly. After cooling, fill with 
quantity of clean water named on package A and add the contents of pack- 
ages A and B, mixing until dissolved. Cover the jar and set away in a 
warm, shady place, avoiding a heat greater than 100° F. At the end of 
twenty-four hours add the contents of package C and allow to stand until 
the water turns cloudy. This will usually take place in from twenty-four 
to thirty-six hours, depending upon the temperature. If the water has been 
kept very cold, it will require longer to become milky. To Inoculate Seed. 
With the cloudy solution, prepared according to the above directions, 
thoroughly moisten the seed to be planted. Do not soak them. As soon 
as all the seed have been in contact with the solution, spread them out in 
a shady place to dry. When dry the seed can either be planted at once or 
kept on hand for several weeks without damage, provided they are kept dry 
and out of the sun. To any of the solution that may remain add one gallon 
of water and mix with sand or earth. This inoculated earth may then be 
spread over the field and be harrowed in, adding an extra quantity of Nitro- 
Culture to the soil. 
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For this co-operative work six packages of cotton were pur- 
chased from J. M. Thorburn & Co., New York, representing 
three legumes, the packages for each legume bearing the same. 
date, and therefore presumably acting as a check upon the 


¥ 


determinations. 


DATES OF PREPARATION AND DaTE AND PLACE OF EXAMINATION OF CULTURES 
IN CO-OPERATIVE TEST. 


WHERE AND WHEN EXAMINED. 


Lab Date on 





No. LEGUME. package. 
mats Newark. mae pak A Detroit. 
DSi at Crimson Clover..| 5- 1-05 | July 12...| July 18..... Julyl8Fa52) vulyies 
20 aaa Crimson Clover..| 5-— 1-09 | July 12...) July 18..... Siulvel Serene July 28 
SU ade Japan Clover....| 4-15-05 | July 12...) July 18..... July 18.....| July 28 
33) eae ete Japan Clover....| 4-15-05 | July 12...) July 18..... July 18.....| July 28 
oes Wax Beans..... 2-15-05 | July 12...| July 18..... July Meee July 28 
Sadek s Wax Beans..... 2-15-05 | July 12...| July 18..... July 18.....} July 28 











Kach package of cotton to be tested was. divided into eight 
portions with sterile instruments, the work being done in a 
moistened Hansen inoculating chamber. Each portion of cotton 
was carefully wrapped in sheets of sterile parchment paper. Sets 
of chemicals were weighed from a common supply, which, with 
the exception of the sugar, were of the best grade obtainable 
from Eimer & Amend. Commercial granulated sugar’ was used. 
The packages of cotton and the chemicals were forwarded by 
express in sealed packages to avoid being tampered with in 
transit. ; 

The plan agreed upon was to dissolve the chemicals in dis- 
tilled water and sterilize, the di-basic ammonium phosphate being 
in a separate solution. The liquid in each test flask was to be | 
one-eighth that called for by the printed directions accompany- 
ing each commercial package of cotton. After adding the por- 
tion of cotton, the flask should be held as near thirty degrees 
centigrade as possible. At the end of twenty-four hours the 
sterile ammonium phosphate solution was to be added. 

According to the printed directions accompanying the cotton 
(See Footnote, page 63) the fluid should be used when it became 
milky at the end of two or three days. Plates were to be made. 
at this time to determine the character of the growth present. 
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The fluid was also to be directly observed with the microscope. 
The medium for the plates was the same as that first placed in 
the flask with the addition of one per ct. agar. 

The portions of cotton and packages of chemicals were sent on 
July 15 to Dr. J. G. Lipman, Soil Chemist & Bacteriologist to 
the New Jersey Agricultural Experiment Station, New Bruns- 
wick, N. J.; Dr. E. M. Houghton, Bacteriologist & Pharmacolo- 
gist, Parke, Davis & Co., Detroit, Mich.; Prof. F. D. Chester, 
Bacteriologist of the Delaware Agricultural Experiment Station, 
Newark, Delaware; and Prof. C. E. Marshall, Bacteriologist & 
Hygienist of Michigan Agricultural College Experiment Station, 
Agricultural College, Michigan. 

GENEVA TEST. 

On July 12, the portions of cotton were placed in flasks of 
liquid and held at 28°-30° C. Owing to a mishap, there was no 
control flasks containing a stock culture of Ps. radicicola. After 
twenty-four hours the proper amount of sterile ammonium phos- 
phate solution was added. 

No turbidity was evident on July 14, but on July 15 there was 
a fair amount in No. 30 and No. 31, and plates were made from 
all the flasks. By July 17 turbidity had appeared in all the 
flasks except No. 28 and plates were again made from all the 
flasks. No turbidity appeared in No. 28 and by July 27 it was 
decidedly moldy. 

Crimson clover No. 28.—Microscopial examination on July 18 
failed to show any germ life. The plates have little growth 
except molds. The few colonies which appeared did not resemble 
Ps. radicicola. 

Crimson clover No. 29.—Turbidity was evident on July 17 and 
decided on July 18. Microscope showed yeast cells common and 
bacteria few and non-motile. Colonies on plates were of large 
yeast in most cases. There was only one suspicious colony and 
that was also a yeast. 

Japan clover No, 30.—Fair amount of turbidity July 15 and 
marked turbidity with bubbles of gas rising on July 19. Micro- 
scope showed yeast cells and large immotile rods fairly abundant 
and in about equal numbers. Both series of plates had abundant 
growth, a large portion of the colonies being pink yeast. About 

D 
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a dozen colonies on one plate somewhat resembled Ps. radicicola, 
but the microscope showed them to be yeasts. 

Japan clover No. 81.—Turbidity was fair on July 15 and de- 
cided, with bubbles of gas rising, on July 19. The microscope 
showed the presence of many yeast cells and a few bacteria. The 
plates developed abundant growth which was practically all pink 
yeast. No colonies of Ps. radicicola. 

Wasa beans No. 32.—A faint turbidity was evident July 17 and 
this was decided the following day. The microscope showed a 
fair number of yeast cells and no bacteria. The first set of 
plates produced about 150 colonies and the second set had a 
more abundant growth, but none resembled Ps. radicicola. 

Waz beans No. 85.—A slight turbidity appeared July 18. 
Microscopic examination showed a few bacteria, part of which 
were motile, but no yeasts. The second series of plates gave a 
good growth. A single colony was thought to be Ps. radicicola. 


NEW BRUNSWICK REPORT. 


The report from Dr. Lipman is dated July 31, 1905. 

“Your packages of cotton, marked respectively :—Nitro cul- 
ture 28, 29, 30, 31, 32 and 38, as well as the accompanying salts 
for the nutrient solutions reached me on Monday, July 17. In 
accordance with your instructions of July 8, the nutrient solu- 
tions were made up by dissolving the salts in distilled water in 
the proportions specified, and distributed in the proper quanti- 
ties in 500 ec. Erlenmyer flasks. The ammonium phosphate was 
dissolved separately, and everything sterilized in the autoclave 
at two atmospheres of pressure. 

“Inoculation was made with proper precaution against infec- 
tion on July 18; and on July 19, that is at the end of 24 hours, 
the corresponding amounts of ammonium phosphate were added. 
In the morning of July 20 there was still no sign of growth in 
any of the flasks, but in the afternoon of the same day the solu- 
tions 30 and 31 showed a slight cloudiness. Examination in hang- 
ing drop showed the growth in 30 to consist largely of short, 
stout rods very similar in appearance to B. megaterium, and also 
of long slender bacilli. 

“On July 21 cultures 28 and 29 were still clear; 30 strongly 
cloudy; 381 slightly cloudy; 32 clear; 33 cloudy. On July 22 
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culture 28 was still clear; 29 slightly cloudy; 30 turbid; 31 
cloudy; 32. clear; 33 strongly cloudy. Examination in hanging 
drop revealed nothing in 28; a few long irregular rods in 29; the 
B. megatherium-like organisms, and the long rods already noted, 
as well as some short motile rods in 30; a few yeast cells and 
short spore-bearing rods in 31; nothing in 32; small motile rods 
in 38. None of the organisms observed in any of the cultures 
resembled P. radicicola. 

“On July 24 the macroscopic appearance of the different cul- 
tures was practically unchanged, except that a small mold 
appeared in 28, Further examination failed to show the pres- 
ence of P. radicicola. 

“ Agar plates from 30 and 83 were prepared on July 22. On 
July 24 the colonies on these plates were well developed, and 
consisted of the organisms already noted in the hanging drop 
preparations from the corresponding cultures. Continued obser- 
vation for another week of both liquid cultures and plates, as 
well as the numerous hanging-drop preparations from different 
colonies failed to reveal the presence of P. radicicola. 

“It was safe to assume from the above evidence that there was 
no growth of P. radicicola under the conditions of the experi- 
ment, and that the failure of such growth to appear was due 
either to the absence of P. radicicola in the inoculating material, 
or to the unsuitability of the culture media used for the develop- 
ment of this organism. To check this matter a freshly isolated 
culture of P. radicicola from alfalfa tubercles, which made satis- 
factory growth on the agar used, was inoculated into one of the 
culture solutions. The latter was treated precisely as were the 
others. No sign of growth appeared at the end of three days 
and a further quantity of P. radicicola was therefore introduced 
into the solution. At the end of five days the latter was still 
clear and showed no sign of growth. 

“Tt thus appeared that the culture solutions used were not 
adapted to the growth of P. radicicola and that the failure of such 
growth to appear could not justly be attributed to the absence of 
P. radicicola in the inoculating material. The results are mani- 
festly inconclusive and it is believed that better results would 
have been obtained had sterile tapwater been used instead of 
distilled water. The latter was used, notwithstanding the mis- 
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givings on my part, for it was desirable to follow your directions 
closely that comparable results might be secured. 

“ Meanwhile it was decided as a check on the above experi- 
mental work, to secure other cultures in the open market, and to 
inoculate these into parallel tapwater and distilled water solu- 
tions, otherwise following the printed directions as furnished by 
the Nitro-Culture Company. Accordingly on. July 18 two pack- 
ages of nitro-culture were purchased at the Henderson store on 
Cortlandt street, New York city. One of these was for crim- 
son clover and was dated May 1, 1905, the other was for soy 
beans, and was also dated May 1, 1905. The salts found in this 
package were used to make up two solutions, one in distilled 
water, the other in tapwater. The ammonium phosphate (pack- 
age marked ©) was dissolved separately. The solutions were 
sterilized in the autoclave, cooled and! inoculated, the ammonium 
phosphate being added with a sterile pipette at the end of twenty- 
four hours. 

“Without going into detail, it is sufficient to state here that 
the tapwater cultures made rapid growth, and were turbid at 
the end of twenty-four hours after the addition of the ammo- 
nium phosphate. The distilled water cultures made very slow 
growth, but finally became cloudy at the end of four or five 
days. Hanging drop preparations, as well as the agar plates 
prepared from these cultures, failed to show the presence of P. 
radicicola at any time. | 

“Taking the two experiments together, it would seem that 
while the results with nitro-cultures 28, 29, 30, 31, 32 and 33, 
were inconclusive, those secured with the crimson clover and the 
soy bean cultures would indicate that P. radicicola was either 
absent in the cotton supplied by the company or would not 
develop (when present) even under the conditions called for by 
the printed directions accompanying each package. Further 
comments are unnecessary, although in justice to all concerned, 
it would be no more than proper to check the work once more.” 
(Sée page 81.) eo: 

PHTROIT REPORT, . ate 

Dr. Houghton sent his report September 4, 1905. In this case 

the laboratory work was done by Mr. L. T. Clark. 
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SYNOPSIS OF WORK ON SAMPLES OF INOCULATED MATERIAL FROM DR. HARDING, 
OF GENEVA, N. Y. 
By LL. T. CLarK. 


Prepared solutions as per directions, namely: 


SEU ALPS AES tesa ety ob whale Uieialete ale ote a UML, 18 gm. 
Peres Pprospnate,.(MOno ),. . 2,4). eee PA ~ 2 gm. 
PrrTeSrIMOHU I PUAtOr tact ved ce oc 5 pea le eco sss are Maat» 1 gm. 
PPABULLCUWALED! ose. ac. as ose aaah earw Sle Gra STE Vist ok 1900 Ce. 


This solution was put into 14-litre Florence flasks, 235 Ce. in 
five flasks and 118 Ce. in two flasks, to correspond to size of bits 
of cotton received, and the flasks properly sterilized. Opened 
packages containing samples of cotton very carefully, taking 
precautions to exclude dust and! other foreign material, and 
dropped the bits of cotton into the flasks of sterile solution, and 
labeled ilasks to correspond to numbers on packages. Set flasks 
in temperature of 28° C. Examined at the end of twenty-four 
hours, noted turbidity, and recorded same. At this recording, 
added enough sterile ammonium phosphate solution to give the 
solution in the flasks .5 per ct. of the pure salt, and then allowed 
to develop further. Examined flasks at intervals of twenty-four 
hours and recorded changes whenever such was necessary. 

At the end.of four days plated proper dilutions in agar (one 
loop from flask to first tube and two loops from first to second 
tube) from each flask. Defective plates (porcelain covers) 
rendered these results worthless. 

At the end of seven days another set of plates was made from 
which the final records were taken. To avoid any possible error 
in identifying the characteristic colony of P. radicicola, check 
flask and plates of P. radicicola from cow-pea (Migge,—tube cul- 
ture) was carried along parallel with the six from Geneva. 

Colonies appearing on the plates at the end of seven days were 
examined with low power, compared with check plate.from tube 
culture (Migge) and their purity recorded. 

For personal satisfaction the same dilutions as used above were 
plated from each flask in a special agar, upon which the true 
colony of P. radicicola can ‘be more easily identified. The results 
secured from these plates bore out the results already recorded 
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so closely that such differences as existed could be readily attrib- 
uted to error of experiment. 

The detailed report of the cultures was as follows: 

“Oheck Flask inoculated with laboratory culture: Turbidity 
intense with some sediment at the end of three days. Plates 
showed characteristic colonies of P. radicicola and no contamina- 
tion. Culture pure. 

“ Orimson clover No. 28.—Turbidity slight at the end of twenty- 
four hours but not dense at the end of three days. Plates showed 
purity of culture approximately 50 per ct. 

“Crimson clover No. 29.—Turbidity slight at end of twenty- 
four hours and decided, but not dense, at the end of three days. 
Plates showed no characteristic colonies of P. radicicola. 

“ Japan clover No. 30.—Very faint turbidity at the end of 
twenty-four hours, which became very decided at the end of 
three days. Plates gave colonies uniform and true in character 
to P. radicicola. Culture pure. 

“ Japan clover No. 31.—¥Faint turbidity « at the end of twenty- 
four hours, which became decided at the end of three days. 
Plates showed colonies not uniform and few characteristic. Some 
yeast and many ‘off’ colonies. Culture impure. 

“ Wax bean No. 32.—No turbidity had appeared at the end of 
three days. Plates gave few colonies, 75 per ct. of which were 
yeasts and 25 per ct. P. radicicola. Culture weak and impure. 

“ Wax bean No. 33.—Decided turbidity at the end of three 
days. Plates gave numerous and uniform colonies of P. radict- 
cola and no contamination of ‘off’ germs. Culture pure.” 





SECOND DETROIT REPORT. 


A second set of cotton samples was forwarded to Dr. Hough- 
ton Oct. 4, and the following report received Nov. 10, 1905. 


SYNOPSIS OF WORK ON SAMPLES OF INOCULATING MATERIAL FROM DR. HARDING, 
GENEVA, N. Y.—SECOND SET OF DETERMINATIONS. OCTOBER 23, 1905. 


‘Received set of samples Oct. 6, 1905. Prepared culture solution 
as per Harding directions, namely: 


Cane Sugar ...... do bad 9. okt SR DSSRPNLESE CS hive ee ined eee 18 grams. 
Potassium Phosphate (Meno)\e sya. os est eee ee 2 grams. 
Mapnesiuin “Sipe le 'G.": aur eanmeemeeiyetae sss sz, oe 1 gram. 


Distilled “Waterson, one ee, 2 ai 1900 Ce. 
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Filled this solution into one-half L. flasks, 285 Ce. in each 
flask, and thoroughly sterilized. 

Prepared a quantity of nitrogen free agar, to be referred to as 
“Special” No. 5 and also a quantity of nutrient agar “ Special ” 
No. 4. The latter is a medium found to be especially valuable 
in identifying the organism sought. A preliminary test proved 
the Special No. 5 to be superior to the nitrogen free agar recom- 
mended by Dr. Harding as it promotes a more rapid development 
of P. radicicola, although a nitrogen free medium. 

On Oct. 9 planted the bits of cotton in flasks labelled to corre- 
spond to number on package. Also planted two similar flasks 
with a vigorous pure culture of P. radicicola from Garden Pea, 
these latter flasks to be known as “ Check” I and II. 

Oct. 11, or forty-eight hours after planting bits of cotton, one- 
half per ct. of Ammonium Phosphate, dibasic, was added to the 
flasks. After twenty hours’ growth in the presence of Ammon- 
ium Phosphate, at which time the solution should have become 
decidedly turbid and ready to use as a practical product, sam- 
ples were drawn off by means of sterile pipettes and centrifuged 
and the sediments used in making smear stains. 

Proper dilutions from the eight flasks (8) were plated in Series 
I “Special ” agar No. 5 (nitrogen free) and in series II “ Special ” 
agar No. 4 (nutrient) at the end of forty-eight, seventy-eight 
and two hundred and sixty-four hours respectively. Allowed 
plates to develop ninety-six hours at a temeprature of 26° to 28° 
C. before recording results. At intervals of twenty-four, forty- 
eight, ninety-six, one hundred and twenty, one hundred and forty- 
four and two hundred and fifty-six hours respectively, the tur- 
bidity appearing in the eight flasks was recorded. ; 

“From the results of the above described methods of opera- 
tion the following summary for each sample has been collected: 

“Sample No. 28.—Faint milkiness in forty-eight hours. No 
change or increase until eleventh day, when contaminations 
predominated. Plates and slides revealed few molds and yeasts. 
No P. radicicola present. 

“ Sample No. 29.—Same as No. 28. Plates and slides, nearly 
pure culture of yeast. One bacteria and few molds. No P. 
radicicola present. 
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Sample No, 80.—Milkiness faint in forty-eight hours. In 
creased after forty-eight hours when Ammonium Phosphate was 
added. First set of plates possessed a single colony of P. radict- 
cola, also a large number of yeast colonies. Organism isolated 
from the one characteristic colony proved to be vigorous and 
strong. | 

“Sample No. 31—Same as No. 30. Plates developed a great 
many yeasts and several colonies of bacteria. No P. radicicola 
present. 

“Sample No. 32. E SGI ian remained clear until tenth~- day 
when a faint milkiness appeared, due to a pink yeast. No P. 
radicicola. 

“Sample No. 33. 





Solution remained perfectly clear through- 
out. Plates and slides free from organisms. 

“Check I and IT.—Solution became milky at the end bf twenly- 
four hours, which condition continued to increase until it became 
opaque. Plates and slides showed pure culture of P. radicicola. 

“ Conclusions.—Two samples out of the six, No. 32 and No. 

3, were practically sterile and only single colony of the nitrify: 
ing organism, P. radicicola, could be detected, even when sub- 
mitting the solutions to dilution platings in two media. The 
yeast found so commonly in the samples proved to be a non-fer- 
menting organism of high vitality, producing a colony with a 
somewhat transparent margin and dirty, greenish-yelicw center 
ai first, later becoming dense and opaque with a raised, glisten- 
ing surface. From the fact that this organism was found iden- 
tical in samples Nos. 28, 29, 30 and 31, and in large numbers, 
leads us to suspect its origin in the original inoculating solution, 
or in the cotton which was impregnated. Its growth in nitro- 
gen free solutions produced a uniform milkinesss not unlike that 
af J’. radicicola, although slower and without the formation of 
pigment so common of the wild yeasts, hence its liability of 
being mistaken for a growth of P. radicicola. 


New York AGRICULTURAL EXPERIMENT STATION. (33 


SUMMARY OF THE TWO DETROIT REPORTS. 


Test oF Nitro Cuttrurss. I, 
July 28 to Aug. 12, 1905. 















































Fiasks PLATES Sige ee 
Turpripiry RecorDeD. P. Rapicicona, Dy INS 
ROP, 
Flask. 
Hours 24. Hours 72. Hours 360. Hours 96. Hours 168. 
28 Faint milki- Yeasts and 
rest ame ee Cloud Venere aL Ur bids aha Results lost. .}50%........ Bact, 
29 Faint milki- 
TGS alec eos Cloudy...... ‘Lurbidioe. are Results lost..}None........ Yeasts. 
30 Very faint 
milkiness. .|Turbid...... Bibi os ke bye oe ResultsMoshe.| 10095 ss ane Bact. 
aL Very faint 
milkiness. ./|Cloudy...... ‘Lurbidies cn. Results lost..|Very few.....| Yeasts. 
32 INGHE He ees NONE ks ee Very cloudy .|Results lost..| 25%....... a cagte and 
act. 
33 BI GNG2 oes was 3 GIOMCYa fect Turbid and 
GAS Ceres. Results lost. .|100%....... Bact. 
Check...|None........ Turbid Seek Turbid and 
CAs. ae eSules: LOshes| LOO seas eee Bact. 
Test oF Nirro Cutrures. II. 
Oct. 9 to 23, 1905. 
FLASKS. 
TURBIDITY RECORDED. 
Flask. 
Hours 24. Hours 48, Hours 96. Hours 120. | Hours 144. | Hours 264. 
28 INONGs.2 oie Very faint Contam’d 
milkiness..|Same........ Samer. poe SaMer sane molds 
29 NON aaa ess Very faint Contam’d 
milkiness.(7/pamersn, sat) |SamMer...ce0..jpalmer..... ost) molds 
30 IN'OTIO Sitesi «ls. Very faint|Faint milki- Turbid  sedi- 
milkiness..| milkiness../Same........ VL oy Sate, 3 ment 
31 INone. 3208 Very faint|Faint milki- 
milkiness..| enss....... Samehern nee) Milk venyetess - Cloudy 
39. INONES ak ee aoe None ss. es INONG =. .ohta Nonetrs seu’: INONE ons cee None 
335) Nonetinckiae% Nonetnt a. None 722% ee INOneAass icsr INONGiweesys 62's None 
Check I.|Faint milki- Turbid — sedi- 
DESSts. eae Maley stare ea tens Very milky...|Cloudy...... Ment. set: Same 
Check II|Faint milki- Turbid — sedi- 
MOSSie «ois Myers ees a Very milky...:|Cloudy...... mentee. Same 
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Ber Test or Nrrro Currurss. II. 
Oct. 9 to 23, 1905. 


PLATES. SLIDES. 


P. radicicola. Strains—CENTRIFUGED SAMPLES, 
Flask. 
Hours 48. | Hours 78. | Hours 264. Yeasts. Bact. pena 
orms. 

28 0 0 0 + 0 0 

29 0 0 0 + + 0 

30 + 0 ee + + 3 

Single colony 

31 0 0 0 + + : + 

32 0 0 0 No micro-organisms 

33 0 0 0 No micro-organisms 
Check 

I + + + 0 + f- 
Check | 

II | + + + 0 + + 





“T am sending you herewith a complete report of our latest 
examination. I regret that our work here should not have 
checked up as closely as that of the other workers. Certain it 
is, great care was exercised in carrying out the work, and we are 
unable to satisfactorily explain the discrepancy. A few days 
ago, however, in making an examination of the distilled water 
we employed we found that it contains about one part of 
albuminoid ammonia to one million of water. This may have 
had a beneficial effect upon the culture media by influencing the 
growth of germs in the material that was sent in July. From 
our detailed report sent you in September, you will see that the 
cultures at best were not very vigorous, A little coaxing, as ~ 
would be exercised by a little ammonia in the culture media, 
may have been sufficient for us to obtain a growth, while, if it 
had been absent no growth would have occurred. This seems 
to me the most reasonable explanation of the discrepancy. It 
would be interesting to know just what conditions the material 
was kept under before the examinations were made.’® I do not 
recall just when you sent the first lot of material to me, but 
indistinctly remember that it was kept, after its receipt, for some 
time in a cool place, away from the sunlight, until my assistant, 
Mr. Clark, came the latter part of July. I can readily under- 
stand that, if the material was placed in the sunlight or even in 

The portions of cotton while at Geneva were inclosed in the paper boxes 


in which they were purchased and ‘stored in a dark corner of our dimly 
lighted culture room which is held at approximately 17° C. (65° F.). 
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a warm room at that time of the year, the germs might die out 
even more quickly than if kept in a cool place where the tem- 
perature did not fluctuate too much. There seems to be no 
question but that! the cultures rapidly deteriorate. This is shown 
very conclusively in our two examinations.” 


NEWARK REPORT. 


The report of Prof. Chester is dated September 4, 1905. 

“ Fnclosed please find notes covering the examinations of the 
Nitro-cultures. The cultures are all innocent of Ps. radicicola 
except’ No. 33, Wax Bean, and even this was a very weak speci- 
men. I am sorry that I did not fully finish No. 31. I thought 
at first that this, like No. 30, was going to prove sterile, when, 
after six days, a slight growth appeared in the flasks. I was 
unable to conduct! the experiment from this point as I had made 
arrangements to leave for New York State. 

“I feel quite sure, however, that no living Ps. radicicola were 
present on the cotton, and that the growth was due to some for- 
eigner which develops very slowly in the nitrogen-poor medium. 

“The media were made in full accordance with your directions. 

“Medium 48 is the fluid medium for starting the culture, and 
48 agar, the latter plus 1 per ct. agar. I think, however, that 
1 per ct. agar is not quite enough, making it too soft; I prefer 
1.2 per ct. or 1.5 per ct.” 

The details of the work are as follows: 

“Crimson clover Nos. 28 and 29.—No growth in flasks in six 
days and no plates made. Conclusion: Cotton apparently sterile. 

“« Japan clover No. 30.—Turbidity strong at the end of two 
days. Microscopic examination showed long motile rods of the 
B. subtilis type, and short coiled chains of the B. ruminatus 
type, but none of the Ps. radicicola type. Plates were made on — 
48 agar and on plain agar. On medium 48 agar, colonies all of 
B. ruminatus (B. subtilis Gr.) No Ps. radicicola colonies. On 
plain agar colonies of B. subtilis and B. rwminatus. Conclusion: 
Cotton contains no living Ps. radicicola, and only spores of two 
members of the B. subtilis group, i.e.: B. subtilis and B. rumina- 
tus, both common terrestrial forms. 

“< Japan clover No. 31.—Owing to my departure from home, I 
was unable to make plates from this culture, which showed but 
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faint growth after six days. The cotton is, however, probably 
sterile so far as Ps. radicicola is concerned, as the latter germ 
grows readily in medium 48, and would likely have developed 
sooner had it been present. 

“Wax bean No. 32.—Turbidity moderate on third day. Micro- 
scope shows long, actively motile rods of B. subtilis Group. None 
of the Ps, radicicola type. Plates showed colonies of B. rwminatus, 
none of Ps. radicicola. Conclusion: Contains no living Ps. 
radicicola and only spores? of two common members of the B. 
subtilis group. 

“Wax bean No. 33.—Moderate turbidity on the third day. 
Plates on 48 agar showed colonies of a small polymorphic bacil- 
lus which stained brown with iodine—Ps. radicicola? Plates on 
plain agar showed colonies of B. asterosporus, and a small poly- 
morphic bacillus. Conclusion: Cotton probably contains a few 
living Ps. radicicola. 

“The cultures from cotton included in the preceding tests were 
made from media prepared from distilled water. 

“The failure to obtain a growth of Ps. radicicola, in most cases, 
was, I believe, not due to any deficiency on the part of the 
medium. Cultures of alfalfa and crimson clover bacteria, dried 
on cotton gauze, very recently prepared in this laboratory from 
pure cultures, were inoculated into.a portion of the medium used 
in the preceding tests. There was in each case an abundant 
growth, especially after the addition of the ammonium phos- 
phate, and plates made with 48 agar gave typical Ps. radicicola 
colonies. 

“In fact I have been able to grow Ps. radicicola, although the 
growth is more feeble, in media made from ammonia-free distilled 
water. 

“From this it is reasonable to assume that had Ps. radicicola 
been present on the specimens of cotton it would have developed 
in the cultures made therefrom. . 

“In the previous notes I have spoken of the cotton as sterile 
or as containing no living Ps. radicieola. This statement has 
only a relative significance. The organism may be entirely dead, 
or it may have only have had its viability so reduced that it 
fails to develop in the culture medium, singly or along with other ~ 
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contending forms, in the period covered by the experiment, which 
in the usual period covered in the preparation of cultures by the 
farmer.” 

WERE THESE TESTS FAIR TO THE COTTON? 

In using this laboratory work as a basis for predicting what 
will happen when the cotton is used by the farmer there are two 
differences in the conditions which should not be overlooked. 

In the first place the cotton at the laboratory was handled with 
sterile instruments, placed in sterile solutions and continually 
protected from contamination. At the farm the cotton itself can 
hardly escape some contamination and will be placed in “ clean 
water ” 1? which, on the farm, is never sterile and is often abun- 
dantly supplied with germ life. The chemicals will also carry 
their quota of germs. Due to the farmer’s lack of familiarity 
with the delicate process which he is superintending, the ex- 
posure which will often occur during the two or three days of the 
culture’s growth will in itself be sufficient to markedly endanger 
the result.” 

It seems but a fair deduction that by keeping out all forms of 
germ life except that originally upon the cotton, the laboratory 
conditions have been in this respect far more favorable for the 
development of Ps. radicicola than can be reasonably hoped for 
upon the farm. 

In the second place the water used at the laboratory and upon 
the farm was not alike, that at the laboratory being distilled 
water, while that at the farm would be rain or wellwater of quite 
variable composition. An important variation lies in the con- 
tent of nitrogen." 

Distilled water had been chosen for our own laboratory work 
partly because it was the water used in all other culture media 
and more especially because it was indicated in the letters patent 
of Dr. Moore. Its use was continued in our codperative test as 
the kind of water which would be most nearly alike at all the 
laboratories. 

Experiments have repeatedly demonstrated the ability of Ps. 
radicicola to develop when this water was used in preparing the 

See Nitro-Culture Co’s direction given as footnote on page 63, 


12Note the result with the control flasks, page 79. 
®8Thorp’s Dictionary of Applied Chemistry, 3 :939—994. 
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media. It should, however, be noted in this connection that in 
a Single case a quantity of this media did not appear to be a satis- 
factory substrate for growth, although Ps. radicicola grew upon 
it in some cases. The reason for this condition was not dis- 
covered. The experiment of Dr. Lipman was unfortunately a 
similar case, while Dr. Houghton and Prof. Chester, using the 
same chemicals but other samples of distilled water, obtained 
abundant growth with stock cultures of Ps. radicicola."*. 


REPETITION OF TESTS USING RAINWATER OR TAP- 
WATER. 


RETEST OF PACKAGES Nos. 2 To 19. 


In accord with Dr. Lipman’s suggestion (see page 68) it 
seemed best to continue the test, using water which would more 
nearly represent farm conditions. Media were prepared, using 
the same chemicals as before dissolved in our city water. The 
water is derived partly from Seneca lake and partly from springs. 
During sterilization a copious precipitate, accompanied by a 
marked and persistent milkiness was formed. On this account 
the solution was unfit for use. Practically the same result fol- 
lowed the use of the water from a local well. A similar precipita- 
tion was obtained at Dr. Marshall’s laboratory where an artesian 
water was used. The tap water at Dr. Lipman’s laboratory is 
derived from a number of small streams flowing partly over the 
red shaie formation. The precipitate formed in the use of the 
water does not interfere with the work since the sterile nutrient 
solutions become quite clear on standing. 

Rainwater was tried with better success. A slight milkiness 
appeared upon sterilization, but this almost completely disap- 
peared upon cooling. The amount of this turbidity varied slightly 
with samples from different sources. The fluid prepared in this 
way from rainwater was designated as 1.34 and the corresponding 
agar as 3.34. 

On August 9, portions of packages Nos. 2, 8, 4 and 5 were 
placed in sterile fluid 1.34. Turbidity developed less rapidly but 
was good in No. 3 and fair in Nos. 2, 4 and 5 at the end of three 


“See Prof. Chester’s report, page 75. 
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days. The microscope showed yeasts to be most numerous in 
all but No. 2. Plates made on agar (38.34) gave abundant growth 
in all cases. One colony from No. 2 and three colonies from No. 
5 resembled Ps. radicicola. None similar was found on the 
plates from Nos. 3 and 4. 

On August 10, samples from packages 10 and 14 were likewise 
tested in sterile fluid (1.84). No turbidity had appeared at the 
end of five days and plates inoculated from the fluid produced 
practically no growth. 

Three very interesting check flasks were run at the same date. 
One flask contained the proper chemicals dissolved in clean well- 
water according to the directions on the commercial packages. 
A second flask of fluid was prepared in the same way except 
that clean rainwater was used. Neither flask was sterilized. 
At the end of two days both flasks had developed a good charac- 
teristic turbidity although neither flask had received either cotton 
or ammonium phosphate. 

The third check flask contained sterile fluid (1.84) and was 
inoculated with four drops of tapwater. This flask received its 
proper amount of sterile ammonium phosphate solution at the 
end of twenty-four hours. At this time a slight turbidity was 
evident and this became very decided by the end of the second 
day. Most interesting of all, plates from this flask showed a 
nearly pure culture of an organism producing colonies which 
very closely resembled Ps. radicicola. 

Another set of six flasks, each containing 150 Cc. of sterile 
(1.34) bouillon received 1, 2, 4, 8, 16, 20 drops of tapwater respec- 
tively. Each of the flasks became turbid within thirty-six hours. 
The agar plates from these flasks showed a large number of 
colonies resembling Ps. radicicola. 

On August 13, samples from Nos. 16, 17, 18 and 19 were placed 
in sterile fluid (1.34). No turbidity had appeared in Nos. 16 
and 19 at the end of three days, and plates failed to develop 
any colonies resembling Ps. radicicola. In flasks Nos. 17 and 18 
the turbidity was good at the end of three days when the plates 
were made. The growth on the plates was abundant and on 
those from No. 17 a few colonies resembled Ps. radicicola. None 
of the colonies from No. 18 resembled it. 
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SECOND CO-OPERATIVE TEST. 
GENEVA TEST. 


August 8, portions of packages No. 28-33 were placed in the. 
appropriate amount of sterile fluid (1.34). Turbidity came on 
very promptly; Nos. 28, 30 and 31 developed a good turbidity 
by the end of two days, and Nos. 29, 32 and 33 at the end of 
three days. Microscopical examination showed the bacteria to 
be much more numerous than the yeasts in all cases except No. 
29. The plates showed the pink yeasts to be present in Nos. 30 
and 31. From Nos. 28, 30, 31 and 33 a few colonies resembled 
Ps. radicicola in gross appearance, but the germ was a plump 
granular bacillus. Pending a further determination of the char- 
acter of this germ, the cotton should be given the benefit of the 
doubt. No thoroughly typical colonies of Ps. radicicola were 
found. 

MICHIGAN AGRICULTURAL COLLEGE REPORT. 

This test was made at Dr. Marshall’s laboratory by his assist- 
ant Mr. W. G. Sackett. “ Dr. Marshall states that all the credit 
should be given to Mr. Sackett who has checked the work in every 
way possible and has done everything very carefully. 

Freshly caught rainwater was used in making the media and 
the chemicals were from .the same supply used in all of the 
codperative experiments. 

The portions of cotton were added to the sterile solution Octo- 
ber 20, sterile ammonium phosphate solution was added October 
21, and plates were made from all the flasks on October 22, 23 
and 25. 

All control flasks were inoculated with a freshly isolated cul- 
ture of Ps. radicicola (soy bean) and were kept under precisely 
the same conditions as the cultures in question. These showed 
a distinct turbidity after forty-eight hours and plates made from 
the same developed true Ps. radicicola colonies. | 

The detailed report on the various samples follows: 

“Crimson clover No, 28.—No turbidity developed by October 
25. No growth on any of the plates. 

“Crimson clover No. 29.—Slight turbidity October 25. Micro- 
Scope showed many yeasts. Many colonies of yeasts appeared 
upon the plates but none of bacteria. . 
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“ Japan clover No. 30.—Solution became turbid October 23. 
Microscope showed many yeasts but no bacteria. Plates showed 
many yeast colonies, a part of which were pink. No bacterial 
colonies appeared. 

“ Japan clover No. 31.—Turbidity was slight on October 23, and 
decided on October 25th. Microscope showed many yeasts and 
no bacteria. Plates developed many colonies of yeasts but none 
of bacteria. 

“Wax bean No. 32 and 33.—Flocculent turbidity appeared in 
each flask October 25. Microscope showed these to be masses of 
a short plump bacillus. No yeasts appeared upon the plates and 
but few bacterial colonies.” 


SECOND NEW BRUNSWICK REPORT. — 


A second set of samples of cotton and chemicals was furnished 
to Dr. Lipman who presented the following report October 30, 
1905: 

“The cotton cultures, 28, 29, 30, 31, 32 and 33 received on 
October 23, were inoculated into the nutrient solution made up 
according to the directions and all the solutions were made up 
with tapwater. As a check on these cultures, I also inoculated 
into a sterile portion of the nutrient solution, a pure culture of 
P. radicicola, isolated from soy bean tubercles, and sent to me 
by Mr. Karl Kellermann. All of the cultures were kept in the 
incubator at 27° for three days, and for three additional days 
after that at room temperature. The check culture showed cloudi-— 
ness at the end’ of eighteen hours even before the addition of the 
ammonium phosphate, and was strongly turbid at the end of 
forty-eight hours. The six cultures were all clear at that time, 
and showed no growth. At the end of three days, cultures 30 
and 31 were slightly cloudy; the others still clear. At the end 
of six days, 28, 29, 82 and 33 were still clear, while 30 and 31 
were cloudy. The latter, when examined under the microscope, 
contained medium-sized spore-bearing bacilli, and clostridia. It 
was not found necessary, in view of the above, to prepare plates 
from any of the cultures. These observations taken together 
with those previously reported to you, lead me to the belief that 
the cotton cultures: 28, 29, 30, 31, 32 and 33 contained no P. 
radicicola organisms capable of development under the conditions 
prescribed by the manufacturers.” 
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WHY USE STERILE MEDIA? 


It may seem strange that we did not propagate the cotton in 
unsterilized media just as would have been done on the farm, and 
then determine the character of the growth in the fluid at the 
stage when it would have been used by the farmer. We did so 
in a number of cases and while we believe the results are in strict 
accord with those presented, we have not laid stress on them for 
the following reasons. ; 

It seemed to us that by cutting off the competition which 
would have existed between the germs in the unsterilized media 
and the germs upon the cotton, the latter have had a much more 
favorable opportunity for development than they could have had 
under farm conditions. 

In unsterile media the milkiness which is relied upon to indi- 
cate the time for using the solution appears promptly, even when 
the cotton is not present. Therefore, no reliable conclusions can 
be drawn from its appearance in unsterile media, when the cotton 
is present. 

A-majority of the colonies which develop from unsterile media, 
to which the cotton has not been added, very closely resemble 
those produced by Ps. radicicola. When the cotton has been 
placed in this unsterile media, a microscopic examination of each 
colony is necessary before it can be said with a certainity that it 
is not Ps. radicicola. This markedly increases the labor of exam- 
ining the plates and to a corresponding degree makes the value 
of the conclusion depend upon the quality of judgment displayed 
in the examination. | 

When using sterile media in our examinations, if all suspicious 
colonies were classed as Ps. radicicola, they would not represent 
a sufficient number in the fluid to be of any value for practical 
purposes. 


DESSICATION OF Ps. RADICICOLA ON COTTON. 


Our repeated failures to obtain satisfactory growth of Ps. 
radicicola from the commercial cotton led us to doubt the viabil- 
ity of the germ. ave 

First test.—A. package of Johnson’s absorbent cotton was pro- 
cured from a local dealer and a layer of the cotton cut into sq. 
cm. blocks. These blocks were enclosed by fives in Petri dishes 
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and sterilized in dry heat for two hours at 135 degrees C. Hach 
block received tj, cc. of a (1.51) bouillon culture prepared as 
follows: Ps. radicicola derived from the Department stock cul- 
ture was cultivated three days on 3.31 agar when a good growth 
had appeared. The growth from a single slope was carefully 
broken up in sterile water and transferred to 200 cc. of sterile 
(1.31) bouillon. At the end of three days the bouillon became 
faintly cloudy and one-half per ct. sterile ammonium phosphate 
was added. Nine days later, June 19, the bouillon culture was 
used for inoculation. 

A set of (3.31) agar plates was made to determine both the 
purity of the culture and approximately the number of germs 
placed upon each square of cotton. The plates developed a typi- 
cal growth representing a content in the (1.31) bouillon of 
13,000,000 per cc. and the addition of 650,000 to each square of 
cotton. , 

The Petri dishes containing the inoculated cotton were enclosed 
in paper bags and stored in a drawer in the laboratory. Here 
they were exposed to approximately the same dessication as 
would be experienced by the commercial packages. 

Between June 20 and July 6, fifty of the inoculated cotton 
Squares were examined. In the earlier examinations, a cotton 
block was placed in a Petri dish, 10 cc. of (1.51) agar was 
poured over the cotton, and the plate was gently agitated. Later 
the blocks were spread over the bottom of the dish with sterile 
needles and the agar added. On these fifty plates there was an 
average growth of three colonies. About one-half of these 
colonies resembled Ps. radicicola and the remainder were yeasts 
and chromogenic colonies, probably derived from the air while 
preparing the plates. Not a single colony developed on the 
last fifteen plates. 

The details of the first experiment were not entirely satisfac- 
tory. The bouillon culture used for inoculating the cotton was 
twelve days old and its vitality may have become reduced. The 
absorbent cotton may have undergone some treatment which 
rendered it unfavorable to germ life. The media were all pre- 
pared with distilled water which is not so favorable to germ 
growth as rainwater. 
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Second test.—Through the courtesy of Johnson & Johnson, 
New Brunswick, N. J., we were furnished with a package of 
their best absorbent cotton which they assured us had not been 
exposed to any chemicals which would render it harmful to 
germ life. The media in- this test were prepared with rain- 
water. 

The details of this second experiment were the same as those 
of the first, except that no ammonium phosphate was added, 
the (1.34) bouillon culture used for inoculating the cotton was 
four days old, and two series of cotton squares were inoculated. 
One series was inoculated from the culture used in the first 
experiment, while the second series received a germ isolated in 
our laboratory from an alfalfa nodule. 

The cotton was inoculated August 19 and plates on (3.34) agar 
indicated that each square received over 1,000,000 germs. 

Two weeks later (3.34) agar plates were made from five squares 
of cotton from each series. In each case a square of cotton was 
spread evenly over the bottom of a Petri dish and agar added. 
The plates were practically sterile at the end of seven days. Ten 
more plates made in a similar manner gave similar results. Now 
and then a colony resembling Ps. radicicola would develop on 
the plates, but in no case did more than eight typical colonies 
develop from a single cotton square. It was evident that either 
the bacteria were practically all dead upon the cotton or were in 
such a weak condition that they could not grow in the (1.34) agar. 

Instead of placing the cotton directly in the agar, blocks were 
now transferred to tubes containing 10 cc. of sterile (1.384) bouil- 
lon and incubated at 26° C. (79° F.) for various intervals before 
plating. 

Five blocks were thus treated on October 5, 10, and 16, and 
plates made at the end of 4 hours, 24 hours and 2 days. In 
each case the total contents of the tube was divided among a 
number of plates so that all of the germs upon the cotton or 
developing from it should be obtained. While the results varied 
slightly with the various squares, the results from these 15 
squares of cotton may be summed up as follows: The plates 
imade after incubating four hours showed from eight to 300 
tvpical colonies from each block of cotton. Plates made at 
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the end of 24 hours showed a fairly abundant growth repre- 
senting a number of hundred germs. Between the third and 
the seventh day the material in the test tube became cloudy and 
the plates showed the presence of very large numbers of 
Ps. radicicola. This rapid multiplication may seem surprising, 
but Rogers'® has found that under favorable conditions in 
pasteurized milk, approximately 1,000,000 germs are produced 
from a single germ in three days. 


GENERAL OBSERVATIONS. 


There is nothing in this bulletin which should be construed as 
opposed to the idea of inoculating legumes with Ps. radicicola. 
This publication concerns itself solely with the quality of the 
cotton cultures which have been used the present season. 

Failure has followed each of our attempts to develop cultures 
of Ps. radicicola from the commercial cotton cultures. These 
failures could not well be ascribed to the laboratory methods 
employed by us, since the same method was uniformly successful 
when laboratory cultures of Ps. radicicola were used in the place 
of cotton cultures. 

The results of our colleagues reached in widely separated 
laboratories strongly support our findings. 

The explanation for this surprising condition of the cotton lies 
in the inability of Ps. radicicola under ordinary atmospheric 
conditions to maintain itself upon the cotton for any considerable 
time. rk 

The use of unsterile water, chemicals and utensils at the farm 
together with the contamination already present on the cotton 
exposes the few surviving Ps. radicicola to a fierce struggle for 
existence. 

The results with the commercial cotton do not show neces- 
sarily that all the Ps, radicicola were dead. They merely show 
that the germs were so few as to make no observable headway 
against the competition of the other germs present. 


Rogers, L. A. Bacteria of Pasteurized and Unpasteurized Milk under 
Labaratory Conditions. Bureau of Animal Industry, Bul. 73:25. 1905. 
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REPORT OF THE BOTANICAL DEPARTMENT. 


POTATO-SPRAYING EXPERIMENTS IN 1904.* 


F. C. Srewart, H. J. Eustace anp F. A. Sirrine. 


SUMMARY. 


During 1904 the Station made potato-spraying experiments on 
a large scale. This bulletin gives the details of 58 different experi- 
ments in various parts of the State. 

In the Station ten-year experiments the gain due to spraying 
was larger than ever before. At Geneva, five sprayings increased 
the yield 233 bushels per acre, while three sprayings increased it 
191 bushels. The gain was due chiefly to the prolongation of 
growth through the prevention of late blight. The sprayed pota- 
toes contained one-ninth more starch and were of better quality. 
At Riverhead, the gain due to six sprayings was 961-3 bushels 
and to three sprayings 561-2 bushels per acre. Here, the flea- 
beetle was the chief enemy. 

In fourteen farmers’ business experiments, including 180 acres, 
_ the average gain due to spraying was 62 1-4 bushels per acre; the 
average total cost of spraying, $4.98 per acre; the average cost 
for each spraying, 93 cents per acre; and the average net profit, 
based on the market price of potatoes at digging time, $24.86 per 
acre. 

In 41 farmers’ volunteer experiments, including 386334 acres, 
the average gain due to spraying was 581% bushels per acre. In 
23 of these experiments the average total cost of spraying was 
$3.91 per acre; the average cost for each spraying 90% cents; and 
the average net profit, based on the market price of potatoes at 
digging time, $22.01 per acre. 

*A reprint of Bulletin No. 264. 
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Soluble bordeaux, a fungicide devised by Dr. 8S. M. Babcock 
of the Wisconsin Station, and soda bordeaux were compared with 
the regular lime bordeaux. Soluble bordeaux increased the yield 
11 bushels per acre; soda bordeaux, 512 bushels per acre; and 
lime bordeaux, 684 bushels per acre. The disease fought in this 
experiment was late blight. It may be that the soluble bordeaux 
was used in too dilute a solution. Soda bordeaux is not to be 
recommended, at least until further tests have been made. 

The average loss from potato blight and rot in New York in 
1904 was at least 60 bushels per acre. Most of this loss was due 
to late blight and the rot which follows it. 

The practice of spraying potatoes for blight is on the increase 
in this State. Many potato growers are preparing to spray in 
1905. Western New York and Long Island are taking the lead 
in this work. 

Farmers are advised to hire their potato spraying done by some 
one who makes such work his business. In this way the expense 
of spraying can be reduced and the extra labor and bother of 
spraying avoided. 

Judging from the results of the experiments thus far made, it 
appears that spraying for blight is an operation which no potato 
grower in New York can afford to neglect. Farmers are requested 
to make experiments and report the results to the Station. Direc- 
tions for spraying are given on page 193. 


INTRODUCTION. 


During the season of 1904 the Station continued the ten year 
potato-spraying experiments begun in 1902. These experiments 
are designed to determine how much the yield of potatoes can be 
increased, on the average, by spraying with bordeaux mixture. 
The plan is to continue the experiments during ten consecutive 
seasons and take the average increase in yield as the index of the 
value of spraying potatoes in New York State. The experiments 
are to be conducted in two localities; namely, at Geneva and at 
Riverhead. Two methods of spraying are to be compared as to 
their efficiency; Some rows are sprayed every two weeks regu- 
larly while others are sprayed only three times during the season. 
At each place the area of the experiment field is to be three- 
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tenths of an acre each season. The rows sprayed every two 
weeks alternate with those sprayed only three times and with 
others not sprayed at all. For further details see Bulletin 221. 

Supplementary to the above experiments, the Station has con- 
ducted a series of business experiments similar to those made in 
1903.1. Under direction of the Station, fourteen farmers in 
different parts of the State have carried on experiments designed 
to determine the net profit in spraying potatoes in different ways 
under ordinary farm conditions. 

A third line of effort has been the collection of the results of 
numerous volunteer potato-spraying experiments made by farm- 
ers. Forty-one such experiments are reported in this bulletin. 
The most important feature of these experiments, as a whole, is 
the increase in yield due to spraying. However, nearly every one 
of them contains other points of interest. 


SUMMARY OF RESULTS OBTAINED IN TEN-YEAR EXPERIMENTS 
IN 1902.? 


TABLE I.—YIELD BY SERIES AT GENEVA IN 1902. 








(SS SS EE SE I TE LDL LLL LEAL LIAS 
SERIES. Rows. Dates of spraying. Yield per acre. 
| Bu. lbs. 
1 Lea Redewt hy Sorters Oe EE a eB eae July.10, 23 and Aup, 12.4, 3.00.00 3 317 41 
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Gain due to spraying three times, 984 bu. per acre. 
Gain due to spraying seven times, 1234 bu. per acre. 
: TasLeE II.—Yre.p By Series AT RIVERHEAD IN 1902. 
SERIES. Rows. Dates of spraying. Yield per acre. 
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Gain due to spraying three times, 273 bu. per acre. 
Gain due to spraying seven times, 45 bu. per acre. 


1For an account of the business experiments conducted in 1903 see Bulletin 
241 of this Station, pp. 267-285. 
*¥For details of the experiments in 1902 see Bulletin 221 of this Station. 
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SUMMARY OF RESULTS OBTAINED IN TEN-YEAR EXPERIMENTS 
IN 1903.% 


TaBLE JII.—YIELD By SERIES AT GENEVA IN 1903. 








SERIES. Rows. Dates of spraying.* Yield per acre. 

Bu. lbs. 
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Gain due to spraying three times, 88 bu. per acre. 
Gain due to spraying five times, 118 bu. per acre. 


TABLE IV.—YIELD BY SERIES AT RIVERHEAD IN 1903. 

















SERIES. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 
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Gain due to spraying three times, 394 bu. per acre. 
Gain due to spraying five times 56 bu. per acre. 


DETAILS OF TEN-YEAR EXPERIMENTS IN 1904. 
FITTING, PLANTING, CULTIVATION, ETC. 


At Geneva.—The plat of land used was adjacent. to that used 
for the experiment in 1903 and of the same kind of soil; namely, 
a heavy clay loam with some gravel in it. In 1903 it grew corn. 
In the fall well rotted stable manure was applied, by means of a 
manure spreader, at the rate of twenty-four loads per acre and 
plowed under. The following spring the land was plowed again, 
on May 18. There having been plenty of rain the soil was 
moist, but in spite of thorough harrowing it was left lumpy and 
in poor condition for planting. 

The rows were marked out! three feet apart. Immediately be- 
fore planting the furrows were opened with a plow. Fertilizer 
at the.rate of 200 pounds’ per acre (four pounds to each row) | 
was scattered in the furrows by hand. Planting was done May 


’For details of the experiments in 1903 see Bulletin 241 of this Station. 

“The dates of spraying as given in Table IV on p. 263 of Bulletin 241 are 
incorrect. 

°100 pounds soluble bone (14-16 per ct. available phosphoric acid), 80 
pounds dried blood and 20 pounds sulphate of potash. 
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25 and 26. The seed pieces were placed exactly 15 inches apart 
in the row. They were covered four inches deep by means of 
hoes. 

The seed was of the variety Rural New Yorker No. 2, selected 
from the rows sprayed every two weeks in the experiment of 
1903. On May 11 the seed tubers were given the formalin treat- 
ment for scab.° Twenty-four hours before planting they were 
cut into pieces weighing about! one ounce each (11 bushels per 
acre) without regard to the number of eyes except that each piece 
bore at least one good eye. Although much care was taken to 
reject all tubers showing signs of rot, undoubtedly an occasional 
diseased piece was planted. 

During the season the field was harrowed once (as the plants 
were coming through), hoed once and cultivated four times. 
The plants were not hilled at all. 

At Riverhead.—The previous crop was cauliflower. The land 
was plowed 6 to 8 inches deep April 20. After treatment with 
formalin for scab, planting was done by hand on May 4 with 
pieces of hen’s egg size placed 15 inches apart in the row and 
the rows three feet apart. The seed used was of the variety Car- 
man No. 1, selected from the sprayed rows in the experiment of 
1902. 

The trenches for planting were opened with a shovel plow. 
Home mixed fertilizer’ costing $25 per ton was: sown in these 
trenches by hand at the rate of 1,000 pounds per acre, or 25 pounds 
per row. Before planting, the fertilizer was mixed with the soil 
by running a cultivator through the trenches. The seed was 
covered to a depth of about four inches by means of the shovel 
plow used in opening the trenches. 

The cultivation consisted of two harrowings (one before the 
plants were visible and the other as they were breaking through), 
six cultivations with a horse cultivator (once before and five 
times after the plants were up), and one hoeing. In the last 
cultivation the plants were well ridged. On August 8, large 
weeds in the rows were pulled and three weeks later a hoe was 
used to remove the few remaining weeds in the rows so that 


*Tubers soaked two hours in a solution containing one pint of formalin 
in 30 gallons of water. 

™Formula: Nitrogen, 3.8 per ct.; phosphoric acid, 10.25 per ct.; and pot- 
ash, 4.35 per ct. 
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when the potatoes were dug, September 9, the field was entirely 
free from weeds. The soil was of the same character as that 
used in 1902 and 1903, namely, a well-drained sandy loam, con- 
‘aining some gravel. 


PREPARATION AND APPLICATION OF THE BORDEAUX MIXTURE. 


Both at Geneva and at Riverhead the bordeaux mixture used 
was approximately of the 1-to—-8 formula, the same as in the 
experiments of 1902 and 1903.8 It was applied with a knap- 
sack sprayer and very thoroughly. (See Plate I.) In the later 
sprayings, after the vines became large, the rows were gone over 
twice at each spraying, the operator going out on one side and 
back on the other. This was done to insure thoroughness and 
uniformity of application. Some difficulty was experienced in — 
spraying the rows of Series I and II without getting some of the 
spray on the unsprayed rows of Series III. This was avoided 
to a considerable extent by lifting the vines of the unsprayed 
rows out of the way; but with a side wind blowing it was impos- 
sible to prevent entirely the drifting of spray onto the unsprayed 
rows. 

In the later sprayings the bordeaux was applied at the rate of 
about 200 gallons per acre at Geneva and 120 gallons per acre 
at Riverhead. 


8At the Experiment Station at Geneva there is kept on hand a stock 
solution of copper sulphate prepared by dissolving 100 pounds of copper 
sulphate in 50 gallons of water. Thus, each gallon of stock solution con- 
tains two pounds of copper sulphate. Likewise, 50 to 100 pounds of lime 
is slaked and kept in stock solution ready for use in a large wooden vat. 
In the preparation of bordeaux mixture for spraying potatoes three gallons 
of thé stock solution of copper sulphate (containing six pounds copper sul- 
phate) is poured into a 50-gallon barrel half full of water. Into this, dilute 
milk of ‘lime from the lime vat is then poured through « strainer until the 
mixture will “stand the test.” The mixture is “tested” by dropping into 
it a few drops of a solution of yellow prussiate of potash. If more lime is 
required the “test” solution turns reddish brown as soon as it comes in 
contact with the bordeaux mixture. In such case, more milk of lime is added 
until the brown color ceases to appear when the “test” is made. When 
this stage is reached it is our custom to add yet a little more of the milk of 
lime to make sure that there is plenty. An excess of lime does no harm. 
The mixture should always be thoroughly stirred before testing. 

The bordeaux mixture used in the experiment at Riverhead is prepared 
in essentially the same way except that the stock solution of copper sulphate 
used is what is called a saturated solution. This is prepared by adding to 
water as much copper sulphate as it will dissolve. The advantages of using 
a saturated stock solution are: (1) It saves the bother of weighing; 
(2) there is no danger of the strength being increased by evaporation—it is 
always the same, namely, three pounds per gallon. 

For further details of the preparation of bordeaux mixture see Bulletin 
243, pp. 319-324. 
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DATES OF SPRAYING. 


At Geneva: Series I[.—The rows of this series, 1, 4, 7, 10 and 
13, were sprayed three times with bordeaux mixture—July 18, 
27 and August 15. At the time of the first spraying bugs* 
had not yet done appreciable damage, but they were becoming 
very numerous and it was believed that treatment could not be 
longer delayed with safety. To poison the bugs paris green was 
added to the bordeaux at the rate of one pound to 50 gallons. 
At this time the plants were 12 to 14 inches high and eee 
rapidly. 

Although the first spraying was effective in ridding the plants 
of bugs a second spraying, on July 27, was necessitated by the 
appearance of a second crop of them. This time paris green was 
used at the rate of one-half pound to 50 gallons of bordeaux. 
The treatment was effective and there was no further trouble with 
bugs. Probably, this second spraying was very useful in pre- 
venting the early attack of blight. Traces of blight had been 
found on the unsprayed rows the day before. 

The third and last spraying on this series was made August 15 
with bordeaux alone. Spraying could not be longer delayed 
because blight was already well established on the unsprayed 
rows and even on the rows of this series there was an occasional 
leaf affected. Moreover, the plants were almost entirely unpro- 
tected. All traces of the previous spraying had disappeared, the 
bordeaux having been washed off by heavy rains and there was 
also a large amount of unprotected new growth. 

Series [J7.—This series consisted of rows am 5, 8, 11 and 14. 
The plants were sprayed five times—July 8, 22, August 1, 15 and 
29. At the time of the first spraying the plants were 6 to 8 
inches high. On this series it was thought advisable to use 
poison three times.® In the first two sprayings it was needed 
because of bugs and in the third spraying it was used because an 
outbreak of flea-beetles was expected. The principal part of the 
first crop of bugs appeared about July 12. As the first applica- 
tion of poison was made July 8 many of the bugs escaped it with 


®¢ Throughout this bulletin the word “bugs” refers to the Colorado potato 
beetle, Doryphora decemlineata. 

*In the first spraying, arsenite of soda—one pint of stock solution to 50 
gallons; in the second and third sprayings, paris green—one-half pound to 
50 gallons. 
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the result that slight damage was done by them before they were 
killed by the second application of poison, on July 22. 

The interval between the second and third sprayings was short- 
ened to ten days. This was thought necessary because much of 
the bordeaux had been washed off by rain, the weather conditions 
were highly favorable to blight and there were indications of an 
attack of flea-beetles. 

On September 12, two weeks after the fifth spraying, the 
plants of this series still possessed most of their foliage, enough 
to warrant a sixth spraying but for the fact that they were still so 
thoroughly coated with bordeaux from the last spraying as to 
make another application quite superfluous. 

Series I[I.—Series III consisted of rows 3, 6, 9, 12 and 195. 
They were not sprayed at all with bordeaux mixture but were 
treated twice (July 13 and 26) with paris green in lime water, 
one pound to fifty gallons in the first spraying and one-half 
pound to fifty gallons in the second. It was applied by means 
of a knapsack sprayer. In both sprayings the bugs were practi- 
cally all killed so that the rows of this series were not damaged 
by bugs. 

At Riverhead: Series I.—This series consisted of four rows, 
Nos. 1, 4, 7 and 10, which were sprayed with bordeaux mixture 
three times; namely, on June 14, July 21 and August 9. Poison, 
arsenite of soda,'® was used in the first spraying at the rate of 
one quart of the stock solution to 50 gallons of bordeaux, and 
in the second spraying at the rate of two quarts to 50 gallons. 
The third spraying was made with bordeaux alone. 

Serics [1.—This series consisted of four rows—Nos. 2, 5, 8 and 
11. They were sprayed with bordeaux six times; namely, on 
June 14, 27, July 11, 26, August 9 and 22. As on Series I, poison 
was used with the bordeaux in the first two sprayings; but the 
last four sprayings were made with bordeaux alone. 

Serics I1I.—Sevies III also consisted of four rows—Nos. 3, 6, 
9 and 12. The rows of this series were not sprayed at all with 
bordeaux, but when bugs appeared in destructive numbers (July 
6) they were poisoned by dusting the plants with arsenate of lead. 
The treatment was effective and there was no further trouble with 
bugs, but in some places the foliage was slightly burned by the 
poison. 


For the preparation of arsenite of soda see p. 190. 








PRAYING WITH A KNAPSACK SPRAYER IN THE TEN-YEAR EXPERI- 
MENT AT GENEVA. 
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PLATE V.—Tuer FLEA-BEETLE AND ITs WorRK: Potato LEAFLETS SHOWING 


AVERAGE CONDITION OF FOLIAGE ON ADJACENT SPRAYED 
UNSPRAYED (UPPER) ROWS IN TEN-YEAR EXPERIMENT AT 


(LOWER) AND 
RIVERHEAD. 
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PLATE VI.-—CooKING TEST OF SPRAYED AND UNSPRAYED POTA 
TUBERS FROM ADJACENT ROWS IN TEN-YEAR EXPERIMENT AT 
GENEVA. 





Sprayed potatoes were much more mealy. 








Fic. 1.—SPRAYING IN THE GAINESVILLE EXPERIMENT. 





Fig. 2.—SPRAYING IN THE SPENCERPORT EXPERIMENT. 
BPVATE VIE. 
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Fic. 1.—SPRAYING IN THE WEST HENRIETTA EXPERIMENT. 





Fic. 2.—THrE WeEsStT HENRIETTA EXPERIMENT. 


Photographed Sept. 22. Spraying increased the yield.130 bushels per acre. 
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THE RESULTS OF THE TEN-YEAR EXPERIMENTS. 
AS INDICATED BY THE CONDITION OF THE FOLIAGE. 


At Geneva.—The only damage done by potato bugs was a slight 
injury to the plants in Series II between the first and second 
Ssprayings. Flea-beetles were almost entirely absent. About 
August 1 a few appeared but the damage done by them was inap- 
preciable. There was no early blight, Alternaria solani. On 
July 19 many of the plants in all three series showed a few leaves 
with dead, brown tips. ‘Yhis was attributed to sunscald brought 
about by several bright, hot days following a period of cloudy, 
wet weather. No material damage was done. Twice during the 
season the ground became hard and dry and more rain would 
probably have been beneficial, but it can scarcely be said that the 
plants were at any time injured by drought. 

The only important disease in the experiment field last season 
was late blight caused by the parasitic fungus, Phytophthora in- 
festans; and the remarkable difference in yield between sprayed 
and unsprayed rows is to be attributed almost entirely to the 
greater ravages of blight and rot on the unsprayed rows. 

The first discovery of late blight in the experiment field was 
made July 25. On that date a half hour’s search revealed nine 
affected leaves—seven on unsprayed plants and two on sprayed. 
During several days following there were frequent showers and 
the disease soon became thoroughly established. 

By August 9 the unsprayed rows (Series III) were already con- 
siderably blighted. In several places many lower leaves were 
dead and dry giving the plants the “trimmed-up” appearance 
characteristic of plants affected with late blight. Four days later 
one-third of the foliage on the unsprayed rows was ruined by 
blight and on August 29 it was estimated that, on an average, 
fully three-fourths of the foliage was dead, leaving the stalks 
with only tufts of green leaves at their tips. At the same time 
the plants on the sprayed rows (Series I and IL) were in almost 
full foliage, the leaves being green and perfect clear down to the 
ground. There seemed to be no difference between rows sprayed 
three times (Series I) and rows sprayed every two weeks (Series 
II). On both series there were traces of blight all along the 
rows, but not enough to affect growth materially. 


gt 
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On September 10 the following notes were made: 
Row 1. Sprayed three times. Five hills entirely dead and one 
nearly dead; all others in nearly full foliage. 
Row 2. Sprayed every two weeks. One hill nearly dead; all 
others in nearly full foliage. 
Row 3. Unsprayed. Hills entirely dead with stems dry.... 102 
Hills with leaves all dead but stems 





succulent, «Ss spc cmtewiecwaes Stree 23 
Hills with some green leaves.......... 102 
TOTAL sa 2 een el ate ere eae 227 


— 


Row 7. Sprayed three times. Seven hills entirely dead and two 
more nearly dead; all others in nearly full foliage. 
Row 8&8. Sprayed every two weeks. Six hills entirely dead and 
one nearly dead; all others in nearly full foliage. 
Row 9. Unsprayed. Hills entirely dead with stems dry.... 125 
Hills with leaves all dead but stems 


Still sueenléent. ~ 6.5 Se eee 24 
Hills with some green leaves......... 80 
Totals: 4. sah wasn Ad he oe ee 229 


—_—_—— 





The sprayed rows of both series beginning to decline. Rows 
sprayed every two weeks slightly superior to those sprayed only 
three times. 

On September 12 the unsprayed rows were pronounced dead. 
A few of the plants still had small tufts of green leaves but 
there was certainly no material growth of tubers after this date. 
The sprayed rows, on the contrary, continued in good foliage 
and must have made considerable growth of tubers for at least 
two weeks longer. On the night of September 22 there was a 
frost which killed potatoes over the greater part of the State, but 
owing to their elevated situation the experiment potatoes were 
only slightly injured. 

After September 26 the sprayed rows deteriorated rapidly, but 
as late as October 5 the rows sprayed every two weeks still pre- 
sented a continuous strip of green foliage clear across the field. 
They were finally killed by frost on the night of October 6 after 
having lived fully 25 days longer than those unsprayed. How- 
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ever, the actual difference in growth must have been consider- 
ably greater than this since the unsprayed plants could have 
made but little growth for two weeks before they were all pro- 
nounced dead. 

All through September the contrast in appearance between the 
Sprayed and unsprayed rows was very striking, being greatest 
about September 16 when a photograph of the field was taken. 
(See Plate II **.) Since the experiment field was located beside 
a much traveled highway leading into Geneva, many farmers 
passing the field in going to and from the city watched the prog- 
ress of the experiment with much interest. Several said that 
they could not have believed that spraying could make such a 
difference had they not seen it. But great as was the difference in 
growth, the difference in yield was even more remarkable. 

At Riverhead.—As previously stated, bugs were kept under 
control on all the plats and so had nothing to do with the differ- 
ences in the appearance of the foliage. Flea-beetles, on the con- 
trary, were a very important factor. They were quite plentiful 
the last of May and about July 17 they again appeared in such 
numbers that the unsprayed rows were soon severely injured. 
On July 21, there was a strong contrast in appearance between 
sprayed and unsprayed rows and by August 9 the unsprayed 
rows (Series III) were practically ruined. Even the rows of 
Series I (at that time sprayed twice) were severely injured, but 
on Series II (already sprayed three times) the damage was slight. 
(See Plate V.) 

This was one of the most severe attacks of flea-beetles the 
writers have ever seen. % 
Late blight, Phytophthora infestans, first appeared on the 
unsprayed rows August 10 and quickly killed the remnants of 
foliage left by the flea-beetles. Early blight, too, caused slight 
injury on the unsprayed rows. But the increase in vield on the 
sprayed rows in this experiment is chiefly due to the fact that 
the bordeaux gave partial protection against the ravages of flea- 

beetles. 

As nearly as could be determined, the dates marking the death 
of the plants onthe different series are as follows: Series I, 
August 27; Series II, September 1; and Series III, August 14. 


“Much difficulty has been experienced in getting photographs to show 
properly the contrast in appearance between blighted and unblighted rows 
of potatoes in our spraying experiments. In Plates II, III and XV this 
difficulty has been partially overcome by sifting air-slaked lime over the 
dare ground on the unsprayed rows. 


100 REPORT OF THE BOTANICAL DEPARTMENT OF THE 


AS SHOWN BY THE YIELD. 


At Geneva.—The potatoes were dug by hand October 18 and 
19. At this time the plants on the unsprayed rows had been 
dead over a month and were thoroughly dry. Those on the 
sprayed rows had been killed by frost twelve days before and 
most of the stems were already dry. 

Some remarkable results being anticipated it was thought desir- 
able to have witnesses present at the digging. Mr. T. B. Wilson 
of Halls Corners, President of the New York State Fruit Grow- 
ers’ Association, was requested to name some one to act with 
him as a committee to witness the digging. Mr. Wilson kindly 
consented and named as the other member of the committee, 
Mr. C. K. Scoon, a fruit grower of Geneva. These two gentle- 
men met at the Station on the afternoon of October 18. Because 
of lack of time it was not feasible for them to remain until all 15 
rows were dug. Accordingly, three rows, Nos. 8, 9 and 10, 
about the middle of the field, were selected for the test. These 
rows they saw dug, weighed, and the length measured. As the 
tubers lay on the ground after digging they were photographed. 
(See Plate IV.) Plate III shows the same rows as they appeared 
on September 17. The yields are given in Table V. 

Throughout the experiment the product of each row was sorted 
into three grades—marketable, rotten and culls. All sound tub- 
ers larger than a hen’s egg were graded as marketable. The 
sorting was all done by the writers and as uniformly as possible. 


TaBLE V.—YIELDS IN THE EXPERIMENT AT GENEVA, 














YIELD PER Row.!? YIELD PER ACRE. 
SECTION, | Row. Treatment. | 
Marketable. | Culls. | Marketable. | Culls. 
Lbs. ree Bu. lbs.|Bu. lbs. 
AS tees eet 1 | Sprayed 3 times..... 412 16 |343 20 jAl3) eo 
2 | Sprayed 5 times..... 471 15 |392 30 312 SasG: 
Sh Unsprayed.tme cance 169 42 |140 50 | 35 — 
DIR ay Ath ee, OFS 4 | Sprayed 3 times..... 438 17 |365 — {14 10 
5 | Sprayed 5 times..... 475 18 |395 50/15 — 
GH eUNSDrAY Civ) sare cei 1854 88 |154 35") Sis, Ae 
Oras YAS as 7 | Sprayed 3 times..... 407 24 |339 10/20 — 
8 | Sprayed 5 times..... 456 13 |380 —|10 50 
O} wUnsprayed.. tenner 193 46 |160 50 | 38 20: 
De eas | 10 | Sprayed 3 times..... 4203 194/350 25 | 16 15 
11 | Sprayed 5 times..... 486 20 1405 —|16 40 
ITP LORS eb ao higete Peete sc, 1844 34 |153 45 | 28 206 
Cie gs, ng ance 13 | Sprayed 3 times..... 3894 153\324 35 | 12 55 
14 | Sprayed 5 times..... 432 11 |3860 _ 9 10 
LS | Unsprayvedcsis-. -.antae 1884 34 {157 5 S28 eaaeO 





12Rows 290.4 feet long by three feet wide making the area of each row exactly one-fiftieth: 
of an acre. Concerning the loss from rot, see page 102. 
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Comments on the table.—A study of the above table reveals the 
following: (1) In each of the five sections the five-sprayed row 
yielded more than the three-sprayed row, the difference varying 
from 31 to 55 bushels per acre. _ 

(2) In each section the sprayed rows yielded more than twice 
as much as the unsprayed row. The five-sprayed row outyielded 
the adjacent unsprayed row by 203 to 252 bushels per acre. 

(3)In different sections the yields of rows treated in the 
Same way varied considerably. The yield of the unsprayed rows 
varied from 141 to 161 bushels per acre; on the rows sprayed three 
times it varied from 324 to 365 bushels per acre; and on the rows 
sprayed five times from 360 to 405 bushels. When it is considered 
that the rows of each series were treated in all respects in the 
Same way as nearly as possible it is plain that these variations in 
yield must have been due to slight variations in the soil in differ- 
parts of the field, although it is not known why such soil 
variations should exist. They were not evident to the eye. There 
were neither dead furrows nor back furrows in the field and the 
soil appeared uniform. It is obvious that confidence should be 
placed only in averages. 

(4) Another interesting fact brought out in the table is the 
smaller quantity of culls on the sprayed rows in each section. 
On the average there were less than half as many culls on the 
sprayed rows as there were on the unsprayed. Owing to the 
premature death of the unsprayed plants many tubers on those 
rows did not finish their growth, 

Yield by series.—The five rows sprayed three times constitute 
Series I and the average yield of these five rows makes the yield 
of Series I. The yields given for Series II and III have been 
computed in the same manner. The yield by series is shown in 
the following table: 


TaBLE VI.—YIELD BY SERIES AT GENEVA. 











SERIES. Rows. Dates of spraying. Yield per acre. 


‘ Bu. lbs 
| Ee a ee Freee Seek O SAL nes UY 1G, 72k AU CAUE RL alent onans & ais 344 30 
iE aS acs Seen 2 O Selene t4agae | Jy Ss, 2a ANoe dl) ol brand 29 aces 386 40 
Re een. eo. On y a 2eanch. Low, ian) UNSpPrayed eames he ose eee etre Be 153 25 











Increase in yield due to spraying three times, 191 bu. per acre. 
Increase in yield due to spraying five times, 233 bu. per acre. 
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As in previous years, the difference in yield between Series I 
and II was greater than would be expected, judging from the 
difference in the appearance of the foliage. Only at the close of 
the season was there any apparent difference between the rows 
Sprayed three times and those sprayed five times. The three- 
sprayed rows were so little injured by blight that the average 
observer would not have noticed it except by comparison with 
the adjacent five-sprayed rows. Yet the difference in yield was 
at the rate of 42 bu. per acre. 

Loss from rot.—There was a little rot on both sprayed and 
unsprayed rows. It was impossible to estimate the amount 
accurately because many of the affected tubers were in an 
advanced stage of decay. Although there seems to have beeu 
somewhat more rot on the unsprayed rows than on the sprayed 
the casual observer might have thought the reverse true for the 
reason that on the unsprayed rows many affected tubers had 
decayed almost completely and nearly disappeared, while on the 
Sprayed rows the decay was less advanced and all of the affected 
tubers still in evidence.*? The very large yield on the sprayed 
rows is evidence that there was not much loss from rot on those 
rows. ‘The difference in yield between sprayed and unsprayed 
rows was due chietly to the longer growth of the sprayed plants 
and only in small degree to the prevention of rot. 

13At digging time all tubers showing the least indication of rot were 
carefully sorted out. Nevertheless, after three months in storage there 
was a considerable amount of rot among the sprayed tubers but none among 
the unsprayed. On three rows the amount of this rot was determined and 
found to be as follows: 

Row §&, sprayed 5 times, 380% pounds rotten 25 bushels 12 pounds per 
acre. : 

Row 9, unsprayed, none rotten. 

Row 10, sprayed three times, 4014, pounds rotten = 34 bushels 12 pounds per 
acre. 

This does not mean that spraying causes potatoes to rot in storage. 
Usually, sprayed potatoes keep better than unsprayed ones. Our explanation 
of the matter is that the sprayed potatoes were dug too soon after the tops 
died. 

At the time of digging, the unsprayed rows were long since dead and 
about done rotting while the sprayed rows were not. Hence, it was less 
easy to detect the rotten tubers on the sprayed rows and some slightly 
affected ones were accidently passed as marketable. It is also likely that 
in digging, the tubers on the sprayed rows were brought into contact with 
live blight spores on the foliage and infected in that way. Had the digging 
been delayed a few days these spores would have died when the tops became 
dry and the tubers could then have been dug with safety. If blighted potatoes 


are to be stored they should not be dug until the tops are thoroughly dry. 
(See page 192.) 
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At Riverhead.—The potatoes were dug on September 9 and 
sorted into two grades, marketable tubers and culls, in the same 
manner as at Geneva. 


TaBLeE VII.—YIELDS IN THE EXPERIMENT AT RIVERHEAD. 














YIELD PER Row. YIELD PER ACRE. 
SECTION. | Row. Treatment. E . 
Marketable. | Culls. Marketable. | Culls. 
} Lbs. oz.|Lbs.  oz.|Bu. lbs.|Bu. lbs. 
RPE cates a Ch 8) tee 1 Sprayed 3 times... ../409 —| 58 —|272 40|38 40 
2 | Sprayed 6 times..... 404 —| 62 4/269 20/41 30 
3 Unsprayveda@e «sts. ts (25. 1 CSOre at LL ae BADE? 50 
[Sey She eae ewe 4 Sprayed 3 times...../372 10; 48 14/248 25/32 35 
5 Sprayed 6 times..... |424 12} 52 —/283 10\34 40 
6 Unsprayed........../305 2} 80 —'/203 25(53 20 
(Cha eee Zp Sprayed 3 times.....|386 —| 52 8/257 20/35 _ 
8 Sprayed 6 times..... 476 Papo 71317 52/38 ab 
9 DAPTAYVE oseos > af «/..|O02 6|103 8/201 35/69 — 
1D ove Sa eae 10 Sprayed 3 times...../380 3) 29 .—|253 27\19 20 
Tht Sprayed 6 times..... 481 et tid en loo 40/38 — 
12 Unsprayed secon a 320 1} 98 4/213 22/65 30 

















Comments on the table-——As in 1902 and 1903 the difference in 
vield between the sprayed and unsprayed rows was much smaller 
at Riverhead than at Geneva. This is largely due to differ- 
ence in soil rather than to locality. In the experiment field at 
Riverhead the soil is very sandy and dry and during the past 
three years blight has been less destructive than in most other 
fields in the locality. 

In all four sections each of the sprayed rows yielded more than 
the unsprayed row, and, with one exception, Section A, the row 
sprayed six times outyielded the row sprayed three times. Why 
Row 1 (sprayed three times) yielded three bushels per acre more 
than Row 2 (sprayed six times) is not known. 

Yield by series.—The yield by series is shown in the following 
table: 


TasBLE VIII.—Y1EeLp By SERIES AT RIVERHEAD. 





SERIES. . Rows. Dates of spraying. Yield per acre. 
Bu. lbs. 
ie 144-7 and 410.482. June 14, July 21 and Aug. 9....... 257 58 
SUS or Se ee pe Sree | lees cuss June 14, 27, July 11, 26, Aug. 9 and 
DOP oP itd eT of ce cahben jie y oie ess tae 297 45 
BL Peers vo ak ee 36, anc LAE s s. INOt SPrayedstee. a as, «akin ieee ws erehs 201 25 














Increase in yield due to spraying three times, 564 bu. per acre. 
Increase in yield due to spraying six times, 964 bu. per acre. . 
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Loss from rot.—As nearly as could be estimated, the loss from 
rot was three per ct. on Series I, one per ct. on Series II and six 
per ct. on Series III. Even on the unsprayed rows the loss from 
rot was not nearly as great as in most other fields in the neigh- 
borhood. Most of the increase in yield on the sprayed rows was 
due to the prolonged growth of the plants and consequent larger 
size of the tubers. 


AS SHOWN BY CHEMICAL ANALYSIS. 


In the experiment at Geneva in 1902, fifty consecttive hills 
from a row sprayed seven times and the same number of hills 
from an adjacent unsprayed row were analyzed in order to deter- 
mine whether spraying had affected the chemical composition of 
the tubers. It was found that the sprayed potatoes contained a 
larger percentage of dry matter which consisted mostly of starch. 
(See Bulletin 221, page 254.) , : 

Similar analyses made in 1903 showed very slight difference 
between sprayed and unsprayed tubers. The percentage of dry 
matter was only .05 per ct. greater and of starch .02 per ct. 
greater in the sprayed than in the unsprayed potatoes. (See Bul- 
letin 241, page 266.) 

In 1904 analyses were again made. Fifty consecutive hills 
from a row sprayed five times (Row 5) were compared with fifty 
hills from an adjacent unspravyed row (Row 6). The chemical 
work was done by Mr. F. D. Fuller, Assistant Chemist, whose 
report is shown in the following table: 


TaBLE IX —CHARACTER AND COMPOSITION OF SPRAYED AND UNSPRAYED 
POTATOES. 


YIELD AND SIZE OF TUBERS. 








NuMBER OF TUBERS IN 50 Hits Tiers Tota] Average 
TREATMENT. =| in one, . pweight OF (weaning 
Mer- Unmer- Total hill. tubers. tubers. 
chantable.|chantable. 
| Lbs. Oz. 
Sprayed potatoes........... 223 42 | 265 5.30 104.7 6.36 
Unsprayed potatoes......... 151 70 | pak 4.42 47.8 3.42 
; 
COMPOSITION OF TUBERS. 
| AES AES IT ERIE CR SOS. Pet 
Tab Dr é | Nitrogen- 
No. TREATMENT. Water. y Ash. | Protein.| free com- | Starch. 
oO. matter. pounds. 





_———_—— | ——— | | | ss 


Per.ct. | Per ct..| Per ct. | Per ct: Per ct. Per ct. 
1735 | Sprayed potatoes...... 79.44 20.56 ie 8) 1.67 17.69 14.07 
1736 | Unsprayed potatoes.... 80 .67 19.33 2 2.06 16.05 12.61 











| 
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From an examination of the table it will be seen that the re- 
sults in 1904 agree with those obtained in 1902 in showing the 
sprayed tubers to contain a considerably higher percentage of 
dry matter and also of starch. 


EFFECT ON COOKING QUALITY. 


Several cooking tests were made to determine whether there 
wes any difference in quality between the sprayed and un- 
sprayed potatoes. In one of these tests 21 tubers from a row 
sprayed five times were compared with the same number of 
tubers from an adjacent unsprayed row. Each lot contained 
tubers of small, medium and large size. Some were boiled and 
others baked. It was the unanimous opinion of the five persons 
who participated in this test that the sprayed potatoes were 
much more mealy and of better flavor than the unsprayed. The 
difference was more pronounced when the potatoes were boiled 
than when baked. 

In another test four sprayed and four unsprayed tubers of 
approximately the same weight (eight ounces each) were cut 
crosswise, without peeling, into halves. One half of each tuber 
was used in the test and the other half rejected. The total 
weight of the four sprayed pieces was 16 ounces and of the four 
unsprayed pieces the same. The two lots were boiled in the 
same vessel for 25 minutes. Again, the difference in mealiness 
was strikingly in favor of the sprayed pieces. (See Plate VI.) 

In some of the other tests the difference was less marked, but 
in all cases great enough to leave no doubt that spraying had 
materially increased the mealiness. In fact, some of the larger 
sprayed tubers were so mealy that they boiled to pieces more 
than is desirable. 

These cooking tests were made about the middle of January. 


FARMERS’ BUSINESS EXPERIMENTS. 
OBJECT OF THE EXPERIMENTS. 

Many farmers question the reliability of the results obtained 
in experiments like the Station ten-year experiments described 
in this bulletin. They doubt that such results can be obtained 
in ordinary farm practice. The objections't to the experiments 


“See Bulletin 221 of this Station, pp. 257-261, for a discussion of these 
objections. 
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are: (1) They are on too small a scale (three-tenths of an 
acre); (2) the spraying is done more thoroughly than farmers 
would do it; (8) it is impossible to determine accurately the ex- 
pense of the spraying; (4) the idea is prevalent that the Station 
potatoes are given extra good care in order that large yields 
may be obtained. 

To satisfy this demand for experiments of a more practical 
kind the writers decided to conduct a series of farmers’ business 
experiments so managed as to show the actual profit in spray- 
ing potatoes under ordinary farm conditions. This work was 
commenced in 1903 with six experiments.** The results proved 
of such general interest that it was thought best to increase the 
number of experiments in 1904. It now seems probable that 
several of these business experiments will be made each season 
during the remaining seven years in which the potato spraying 
experiments are to be continued. 


METHODS. 


In the spring of 1904 the Station arranged with fourteen 
farmers in different parts of the State to keep an account of 
their spraying operations on potatoes. An accurate record was 
kept of all the expense of the spraying including labor, chemi- 
cals and wear of machinery. In each experiment three to seven 
rows were left unsprayed except that they were treated with 
poison to protect them from bugs. The spraying and all work 
connected therewith was done by the farmers themselves and in 
such manner as they thought best although in some cases the 
Station offered advice. } 

In the fall, the tubers on one or more of the unsprayed rows 
were carefully weighed. The same was done with one or more 
of the sprayed rows on either side. In this manner it was deter-. 
mined how much the yield had been increased by spraying. In 
all cases a representative of the Station was present when the 
test rows were dug and assisted with the weighing. The length 
and width of the rows were carefully measured, the Station 
representative assisting with this also. Accordingly, we can 
vouch for the accuracy of the yields reported. During the sea- 
son the experiments in Western New York were visited twice, 


Details of these experiments were published in Bulletin 241 of this Station, 
pp. 267-282. 
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those in the northern part of the State once and those on Long 
Island twice, for the purpose of taking notes. 

As far as possible the fields selected for experiment were 
located on a public road where the results of the experiment 
could be seen by passersby. The size of the experiment fields 
varied from two and two-thirds acres to 31 acres, the total acre- 
age of the fourteen experiments being 180 acres. In one experi- 
ment the bordeaux mixture was applied with a five-gallon com- 
pressed air sprayer. In the others, horse sprayers of several 
different kinds were used. 


THE GAINESVILLE EXPERIMENT. 


This experiment was made by Brainerd & Beaumont, Gaines- 
ville, Wyoming County. Twenty-six acres of potatoes, all in 
one lot, were sprayed four times at a total expense of $3.19 per 
acre and the yield was thereby increased by 74 2-3 bushels per 
acre, worth $32.11. The net profit on the operation was at 
the rate of $28.92 per acre or $751.92 on the field of 26 acres. 

The spraying was done with an old style “Aroostook” power 
sprayer manufactured by the Field Force Pump Co., Elmira, 
N. Y. (See Plate VII, fig. 1.) This sprayer covers five rows 
at each passage with one nozzle per row, applying the bordeaux 
at the rate of about 50 gallons per acre. Two horses are re- 
quired to haul it. The pumping is done with power obtained 
from the wheels. The dates'® of spraying were as follows :— 
First, July 21 and 22; second, July 29 and 30; third, August 15 
and 17; fourth, August 25 and 24. To control bugs arsenite of 
soda’? was added to the bordeaux in the first three sprayings at 
the rate of four quarts of stock solution to 50 gallons. 


1*The dates given are those on which the test rows were sprayed. On 
July 8 and 9 eleven acres of the earlier-planted portion of the field were 
sprayed. In the spraying of August 23 and 24 only 19 acres were sprayed, 
including the 15 acres of the later-planted portion of the field and four acres 
of the earlier planted. Thus the entire field was sprayed four times and 
four acres had five sprayings; but the test rows were sprayed only four 
times. 

“For the preparation of arsenite of soda see page 190. Brainerd & Beau- 
mont used four quarts of the stock solution of arsenite of soda in 50 gallons 
of bordeaux and applied this quantity on an acre. This is equivalent to the 
application of two pounds of paris green per acre which we believe is more 
than is usually required. On the unsprayed rows the poison was applied 
at the same rate, using it with lime water instead of with bordeaux. So 
heavy an application with lime water is dangerous, but Brainerd & Beau- 
mont inform us that very slight injury occurred in their experiment. They 
estimate the cost of the arsenite of soda stock solution, including expense 
of preparation, at ten cents per gallon, making it one-third as expensive as 
paris green at fifteen cents per pound. 
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The potatoes were of two varieties mixed—Carman No. 3 and 
Sir Walter Raleigh. [Eleven acres were planted May 25 to 28 
and the remaining fifteen acres June 6 to 11. The soil was a 
gravelly loam. Five rows 1,032 feet long were left unsprayed. 
These rows were in the later-planted portion of the field and a 
public highway ran by them at the north end. They were kept 
free from bugs by three applications of arsenite of soda in lime 
water, on July 22, 30 and August 17. 

On August 17 the field was examined by one of the writers. 
The sprayed rows were in perfect foliage with no signs of blight, 
but on the unsprayed rows traces of late blight, Phytophthora 
infestans, were found. There was no evidence of injury from 
bugs on either the sprayed or unsprayed vines. The sprayed 
plants appeared somewhat larger than the unsprayed. 

During this visit we had the opportunity, through the kind- 
ness of Mr. Brainerd, of examining a large number of potato 
fields in the vicinity of Gainesville. Several of these fields had 
been sprayed and were in good condition; but in every un- 
sprayed field examined more or less blight was found. In the 
majority of cases no damage was done as yet, but in a few 
fields the disease was already well advanced and one field of 
five acres on low ground was entirely dead and the tubers 
rotting. 

On August 23 Brainerd & Beaumont reported that the five 
unsprayed rows were quite badly blighted toward the north end 
next the road. The sprayed plants in the same part of the field 
were perfect. However, the contrast was not yet sufficiently 
marked to be noticed by one passing along the road. All 
unsprayed fields were becoming badly blighted. 

On September 1 we personally examined the field a second 
time. Next the road the contrast in appearance between sprayed 
and unsprayed rows was now very marked. For a distance of 
about ten rods back from the road the unsprayed rows had lost 
from one-half to two-thirds of their foliage while the sprayed 
plants on both sides were nearly perfect with only an occasional 
leaf affected. Throughout the remainder of the unsprayed rows 
there was some blighted foliage all along but not enough to mate- 
rially affect the growth of the plants. The unsprayed rows had 
not been in the least injured by bugs. 
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At this date four sprayings had been made, the last one on- 
August 23 and 24. We advised a fifth application at once but 
the owners thought it would not pay and did not do it. Subse- 
quently, Mr. Brainerd expressed the opinion that a fifth spraying 
would have been highly profitable. 

On the night of September 21 the plants were killed by frost. 
Brainerd & Beaumont report that the five unsprayed rows were 
entirely dried up next the road although in much better condi- 
tion farther south. The sprayed rows on one side had lost about 
three-fourths of their foliage and those on the other side about 
one-fourth. At a little distance all of the sprayed rows looked 
quite green. No doubt the yield would have been considerably 
greater had not the plants been killed by frost.t° At the end 
next the road the sprayed plants lived about 18 days longer than 
the unsprayed. 

The test rows were dug with a potato digger on October 13, 
‘The yields were as follows: 

Second sprayed row on the west, 856 pounds marketable tubers. 

Second sprayed row on the east, 808 pounds marketable tubers. 

Average of two sprayed rows, 832 pounds marketable tubers. 

Middle unsprayed row, 540 pounds marketable tubers. 

Number of rows required to make an acre, 15.35. 

Yield, sprayed, 212 bu. 51 lbs. marketable tubers per acre. 

Yield, unsprayed, 138 bu. 9 lbs. marketable tubers per acre. 

Gain, 74 bu. 42 Ibs. marketable tubers per acre. 

The yield of unmarketable tubers or culls was as follows: 

Second sprayed row on the west, 97 pounds. 

Second sprayed row on the east, 110 pounds. 

Average of two sprayed rows, 10314 pounds or 2614 bushels per 
acre. ) 

Middle unsprayed row, 84 pounds or 211% bushels per acre. 

It appears that there were 5 bushels per acre more culls on the 
sprayed rows than on the unsprayed. This is unusual and would 


18 Brainerd & Beaumont had another field of nine acres of potatoes which 
were planted May 16 to 18 and sprayed five times. The plants in this field 
were still partially green when frost came. They seemed to die naturally 
with very little blight, although the soil and other conditions were as favor- 
able to blight as in the field in which the experiment was made. With earlier 
planting and more spraying it is likely that the gain from spraying in the 
«Gainesville experiment would have reached 100 bushels per acre. 
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not have occurred in the present case had the plants been givem 
a fifth spraying and the frost delayed so that the plants might 
have completed their growth. 

There was no loss from rot on either sprayed or unsprayed rows.. 

The gain on the sprayed rows seems to have been due almost 
wholly to the prolonged growth of the plants and this was the 
consequence of their having been protected against the ravages: 
of late blight. There was no early blight and no damage done 
by flea-beetles. ‘ 

The items of expense for spraying 26 acres four times are as: 


follows: 
601 pounds copper sulphate, at 6C............5..... $36 06 
Bou "ponds? lime;s"at Less Ahn. es SE Vento 2 89 
80-hours:labor'for teams 'at 1he@x6 cs ee See 12 00: 
140:hours labor for-man, atil5c. cs)... 25.2. 2s See 21 00 
57 pounds white arsenic (including cost of sal soda 
and the expense of preparation), at 10c............ 5 TO 
Wear on sprayer at 5c per acre for each application.. 5 20 
TPOta Ls crscane ee wrete anced othe sn vite PAGE a ee eee ee $82, 85 


The total cost of spraying per acre was $3.19 and the average 
cost per acre for each application 80 cents. The market price 
of potatoes at Gainesville at the time the test rows were dug was. 
43 cents per bushel of 62 pounds. | 

THE WEST HENRIETTA EXPERIMENT, 

This experiment was made by Robert Dunn at West Hen- 
rietta, about nine miles south of Rochester. Twelve acres of 
potatoes were sprayed eight times on the following dates: July 
25, August 2, 9, 16, 23 and 30 and September 6 and 15. Three 
rows 1,075 feet long, about the middle of the field, were left 
unsprayed. 

The spraying was done with a two-horse, six-row power sprayer 
made by E. C. Brown & Co., Rochester, N. Y. This sprayer has. 
one nozzle per row and the pumping is done automatically with 
power obtained from the wheels. (See Plate VIII, fig. 1.) The 
bordeaux used was made according to the formula: Seven 
pounds of copper sulphate, six pounds of lime and 55 gallons 
of water. Paris green was used with the bordeaux only in the 
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first spraying. It appears that even this application was unneces- 
sary; for the unsprayed rows, which received no poison at all, 
were entirely uninjured by bugs. 

The soil was a sandy loam in a high state of fertility. Having 
good care and cultivation, aud an abundance of fertility the 
plants made a rank growth completely covering the ground. 
Under such conditions some would hesitate to spray fearing to 
injure the vines by driving over them. Note the results in this 
experiment. 

On August 18, when the experiment was first examined by 
one of the writers, many of the lower leaves on the unsprayed 
plants were already attacked by late blight, Phytophthora infes- 
tans. There were also traces of the disease among the sprayed 
plants. 

At the time of our second visit, September 7, there was a 
marked contrast between the sprayed and unsprayed rows. The 
latter had lost from one-half to three-fourths of their foliage 
while the adjacent sprayed rows on both sides were in full foliage 
with only traces of blight. On the under surface of almost 
every affected leaf the fine frost-like mildew around the margins 
of the diseased spots could be distinctly seen. This was an indi- 
cation that the fungus was in a state of active growth and in a 
condition to cause rapid destruction of the plants. 

Our third visit was made September 22. Now, the unsprayed 
rows were dead and dry clear across the field while the sprayed 
rows continued green in all parts of the field except a small area 
on the south side next the road. The three unsprayed rows 
appeared as a narrow brown streak extending across a field of 
green (See Plate VIII, fig. 2). It was a striking example of 
the benefit of spraying and no one who saw it could any longer 
doubt that spraying will prevent blight. Fortunately, a public ~ 
road ran along two sides of the field so that many persons had 
the opportunity of seeing the experiment. | 

On the night of September 22, there was a light frost which 
injured the plants some but did not kill them. When we saw 
the field for the last time on September 24 the sprayed plants 
were in fully as good condition as the unsprayed plants were on 
September 7; that is to say, the sprayed plants eutlived the 
~cunsprayed by at least 17 days. 
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The test rows were dug with a potato digger on October 17. 
The three unsprayed rows and three sprayed rows on either side 
were dug and weighed separately. The yields are shown in the 
accompanying table: 


TABLE X.—SHOWING YIELDS IN West HENRIETTA EXPERIMENT, 


——$<—_——_ _ -_—_— ——— 











YIELD PER Row.!9 YIELD PER ACRE. 
ROW. Treatment. 1 Rep wee: 
Marketable. Culls. | Marketable. Culls. 

Lbs. Lbs. Bu. lbs. | Bu lbs. 

Dp mcts iia e's eheiene os Sprayed 8 times......... 1398 33 | 323 38 vi 38 
Se ecaine Cee Legis Sprayed 8 times......... 1372 26 malate lig 37 6 1 
Ste Sis cana, Sandan Sprayed 8 times......... 1201 SPAT ay be Dont ee 2 
Ah S ehcnteaidiensy’ brs INO BDEAYEd Seite or ets 875 82 | 202 34 | 18 59 
Set he eae NOU SDTAVeG as cee eiteor 798 51°| 184 44) "¥1 48 
Oradea etoile INOtiEDrAVed uit seams 3 850 25 | 196 46 5 A7 
4 Sprayed 8 times......... 1258 | 40 | 291 14 9 16. 
Sieh retin oneetel GODEAVER 1S UIMNCS caps on cree 1347 46 | 311 5010 39 
Oey oie en Sprayed 8 times......... 1222 46 | 282 53 | 10 39: 











The average yield of the three unsprayed rows (Rows 4, 5 and 
6) was 841 pounds or 194 bushels and 41 pounds per acre. The 
average yield of the six adjacent sprayed rows (Rows 1, Vie» Bf 
8 and 9), was 1,29984 pounds, or 300 bushels 52 pounds per acre. 
The gain due to spraying, computed in this way, is 106 bushels 
11 pounds per acre. We believe, however, that this method of 
computing the gain makes it appear less than it really is. The 
outside unsprayed rows 4 and 6 received some benefit from spray 
falling upon them when the adjacent rows 3 and 7 were sprayed. 
And the first sprayed rows 3 and 7 did not have as good a chance 
as other sprayed rows in the same field for two reasons: (1) 
They were not so thoroughly sprayed; (2) they were more ex- 
posed to the attack of blight because they stood next to the badly 
blighted unsprayed rows. This view is supported by the yields.. 
The middle unsprayed row yielded Jess than either of the other 
unsprayed rows; and the first sprayed row on either side yielded 
less than the second sprayed row standing next to it.2° The 
Same thing has been observed in other experiments. Accordingly, 
we hold that the proper method of determining the gain is to. 
compare the yield of the middle unsprayed row 5 with the aver- 
age yield of the two sprayed rows 2 and 8. Computed in this 
way the yield of the sprayed is 314 bushels 43 pounds per acre 

“Rows 1,075 feet long and 35 inches apart, 13.89 being required to make- 


an acre. 
* We are unable to explain why Row 9 yielded less than Row 8. 
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and of the unsprayed 184 bushels 44 pounds, making the increase 
in yield due to spraying 150 bushels per acre. There was no rot 
worth mentioning, no early blight and no flea-beetles. The gain 
was due almost entirely to the prevention of late blight. Mr. 
Dunn reports that the average yield for the whole field was 297 
bushels per acre. 

At fifty cents per bushel,2 which was the market price of 
potatoes at digging time, the 130 bushels per acre increase in 
yield was worth $65. Deducting from this $4.89, the average 
cost of spraying per acre, there remains $60.11 net profit per acre. 
Assuming that the gain due to spraying was at the same rate all 
over the field the total net profit from spraying the twelve acres 
was $721.32. Surely spraying was profitable in this case. It 
was Mr. Dunn’s first experience in spraying potatoes. 

The items of expense were as follows: 


400 ‘pounds copper sulphate at 6C......... ccc ccc ve sees $24 00 
ree OA ee rn, Co ae an Shs chs ce eee es 2 00 
BeeTIN Se Paris CLeCi ALP LOCe ys. « ofits ws ¢'ec8 #9 oo 6 etn Os ak 
reed OL D0C TAN AL LOGS fei sets ss ose snes eas 12 00 
mr eeLaOL LOt tCAM AG LOC? © 5 srs 0 + soo vin ots sages acces 12 00 
Interest and wear on sprayer............ SPE NE aaah 6 60 
Hoval cost spraying 12 acres 8 times... 7... %. as. $58 70 


The average cost of spraying. per acre was $4.89 and the cost 
per acre for each application 61 cents. 

We regard this experiment of Mr. Dunn’s as the most satis- 
factory one of the series. Although the net profit per acre, as 
given, is remarkably large, we believe it to be very nearly correct 
if we leave out of consideration the extra expense of handling 
However, this can not be done. The 


99 
22 


the increase in yield. 


*1A little less than 1,006 bushels were actually sold at this price and the 
balance stored. 

*2In these business experiments the extra expense of handling and mar- 
keting the increase has Leen left out of consideration in computing the net 
profit due to spraying. ‘This is often a considerable item as in Mr. Dunn’s 
experiment; but it seems not unfair to neglect it for the reason that in the 
expense of spraying the expense of fighting bugs is included. Strictly speak- 
ing the expense of fighting bugs should not be included in the expense of 
spraying for blight because it is something which must be done anyway. The 
extra expense of handling and marketing the increase must be estimated for 


8 
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picking up and hauling to market of the increase is all extra 
labor. Mr. Dunn paid 114 cents per bushel for picking up the 
potatoes which makes the extra expense of that item alone $1.95 
per acre. He estimates the expense of hauling the potatoes from 
th field to the cellar at one cent per bushel, sorting one cent per 
bushel and hauling to market three cents per bushel, making in 
all an extra expense of 6144 cents per bushel or $8.45 per acre 
which must be subtracted from the $60.11. This leaves $51.66 
per acre or $619.92 for twelve acres. Making ample allowance 
for errors of all kinds it is safe to say that Mr. Dunn is at least 
$500 better off for having sprayed his potatoes the past season. 


THE SPENCERPORT EXPERIMENT. 


This experiment was made by F. E. Gott, Spencerport, N. Y. 
Two fields of potatoes, one of four acres and one of four and one- 
half acres, were sprayed six times with a home-made, two horse, 
three-row sprayer. The sprayer consisted of a two-wheeled cart 
carrying a fifty-gallon barrel in which was mounted an Empire 
King spray pump. (See Plate VII, fig. 2). Two men were 
required to operate it—one to pump and one to drive. There 
was but one Vermorel nozzle per row. About 38 gallons of 
bordeaux mixture per acre were applied at each spraying. Both 
fields were adjacent to a public road and ae rows in each field 
were left unsprayed. 

The east field—In this field the variety was Gold Coin. The 
unsprayed rows were 554 feet long by 3 feet wide, 26.2 rows being 
required to make an acre. The dates of spraying were July 25, 
August 1, 6, 13, 22 and September 10. 

When we examined the experiment on August 31 only the 
merest traces of late blight could be found even on the unsprayed 
rows. Although the sprayed rows had already received five 
applications they were only slightly better than the unsprayed. 
The only disease of any importance was one of unknown cause 
the SAN LOTS being dwarfed growth, curled leaves with brown- 


the most part; the same is true of the expense of fighting bugs. Hence, we 
have thought best to assume that these two items offset each other and to 
leave them both out of account. We believe that the one will about equal 
the other on the average. Of course this would not be true of the West 
Henrietta experiment because it so happened that no treatment for bugs was 
necessary. On the other hand, in the Long Island experiments -treatment 
for bugs constituted a large part of the expense of spraying. 
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ing of the margins and tips, and foliage lighter green than 
normal.” | 

On both sprayed and unsprayed rows fully two-thirds of the 
plants were more or less aifected, some of them badly. Spraying 
seemed to check this disease only slightly. 

The test rows were dug with a potato digger on October 15. 
The middle unsprayed row and the second sprayed row on either 
side were weighed separately with results as follows: 

Second sprayed row on the west, 364 pounds marketable tubers. 

Second sprayed row on the east, 397 pounds marketable tubers. 

Average of two sprayed rows 38014 pounds marketable tubers. 

Middle unsprayed row, 316 pounds marketable tubers. 

Yield, sprayed, 166 bu. 9 lbs. marketable tubers per acre. 

Yield, unsprayed, 137 bu. 59 lbs. marketable tubers per acre. 

Gain, 28 bu. 10 lbs. marketable tubers per acre. 


The yield of culls was as follows: 

Second sprayed row on the west, 27 pounds. 

Second sprayed row on the east, 27 pounds. 

Average of two sprayed rows, 27 pounds. 

Middle unsprayed row, 19 pounds. 

Difference in favor of sprayed rows, 314 bushels per acre. 


The west field.—In this field there were three varieties—Gold 
Coin, Carman No. 3 and Rural New Yorker No. 2. In the last 
named variety three rows were left unsprayed. These rows were 
920 feet long, three feet apart and 15.78 rows were required to 


*8\WWe have observed this disease before, most frequently on Long Island. 
In 1903 there was a little of it in the ten-year experiment at Geneva (see 
Bul. 241, top of page 260). In the Spencerport experiment no effort was 
made to determine the cause. In former years we have made a careful 
examination of the underground parts without being able to locate the 
trouble. Usually, there are no lesions on the subterranean stem and the 
seed piece is quite as likely to be sound as otherwise. The roots are scant... 
It is neither tipburn nor sunscald as these diseases are generally understood. 
Neither is it the stem blight described in our Bulletin 101, page 83. The 
symptoms above ground are different and there is no discoloration of the 
fibro vascular bundles at the stem end of the tubers as in the case of stem 
blight. In some ways it resembles the rosette disease described by Selby 
(Ohio Exp. Sta. Buls. 139 and 145), but Rhizoctonia is not associated with 
it. Undoubtedly, the cause of the trouble is to be sought below ground. In 
the Spencerport experiment the “seed” appears to have been weak. Many 
of the “ seed” pieces failed to grow, the result being a thin stand of plants. 
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make an acre. The soil was a well drained sandy loam somewhat 
lighter than in the east field. Six applications of bordeaux 
mixture were made on the following dates: August 1, 6, 13, 28, 
September 3 and 10. The spraying was done with the same out- 
fit used in the east field and in the same manner. 

On August 31 there were traces of late blight, Phytophthora 
infestans, all along the unsprayed rows, but no material injury 
was done as yet. The sprayed rows appeared only slightly bet- 
ter than the unsprayed, being wholly free from late blight and 
somewhat darker green in color. Among the varieties Rural 
New Yorker No. 2 and Gold Coin there were a good many plants 
affected with the unknown leaf curl found in the east field; but 
the Carman No. 3 was entirely free from it. 

The test rows were dug with a potato digger on October 15, the 
yields being as follows: 

Second sprayed row on the east,?* 410 pounds of marketable 
tubers or 107 bushels 50 pounds per acre. 

Middle unsprayed row, 356 pounds of marketable tubers or 93 
bushels 38 pounds per acre. Thus the gain due to spraying was 
14 bushels 12 pounds of marketable tubers per acre. 

On the unsprayed row there were 52 pounds of culls and on 
the sprayed row 36 pounds, making a difference of 4 bushels and 
12 pounds of culls per acre in favor of the unsprayed. 

Summary.—Averaging the results in the two fields we have 
the following: 


Yield, sprayed, 136 bu. 59 lbs. of marketable tubers per acre, 
Yield, unsprayed, 115 bu. 48 lbs. of marketable tubers per acre. 
Gain, 21 bu. 11 Ibs. of marketable tubers per acre. 

There was practically no loss from rot in either field. There 
having been so little blight, the gain due to spraying was as 
large as could be expected. The only important disease in either 
field was the previously mentioned leaf curl which is only slightly 
preventable by spraying. No doubt farmers sometimes confuse 
this disease with early and late blight, but it is readily dis- 
tinguished from both these blights by the fact that it attacks only 
the margins and tips of the leaves. , 


*The yield of the second row on the west was not taken because it was 
found to be of a different variety. 
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The items of expense for spraying both fields (814 acres) are 
as follows: 


cose TUOONTET TEESE (yz a i(3)] Ro RL as ie mi a ee A $12 00 
PCCM. oe PRE EL Pe. ae e tee es 1 30 
fo evourS, laborformmian, atloe 14 Grain A. ZR; 11:32 
Pe encurs laporionieam: at liocstarsw. ji-easitasaeit. 5 67 
ree omen aN GArsOTL SPTAYED . fue wie fotig yids WHE « eared’ ys 2 55 

PRR E LURE Ae Rta) sins ANT efok) sfaderera dns ht ng dee ected eek $32 84 
BeratecOst Olesira Ving per ACTO. 7. ... «\afo.skyias ecsaierecs: ssp.» $3 86 
Ose Del Cre 101 CAC. ANDPIICATION «0 2s. sc cae asd be cess 64 


It will be observed that the expense account contains no men- 
tion of poison for bugs. None was needed. There were no bugs 
even on the unsprayed rows. Mr. Gott states that for several 
years past he has had very little trouble from bugs. Usually 
there are so few that no treatment is necessary. Why this should 
be so is not clear. 

About digging time Mr. Gott sold a considerable part of his 
crop for fifty cents per bushel. At this price the increase per 
acre, 21 1-6 bushels, would be worth $10.58. Subtracting $3.86, 
the expense of spraying, there is left a net profit of $6.72 per 
acre. 

THE CLIFTON SPRINGS EXPERIMENT. 

This experiment was made by P. H. Pettit, near Clifton Springs, 
in Ontario County. It included one field of eight acres and 
another of four, making twelve acres in all. Both fields were 
sprayed five times. Three rows in the eight-acre field were left 
unsprayed. They were 898 feet long and three feet apart, 16.16 
rows being required to make an acre. 

The variety was Carman No. 3. The soil in both fields was a 
very sandy loam. The eight-acre field was late planted (June 
13) and the sprayed plants were still growing, when frost came. 
The four-acre field was planted June 4. 

The spraying was done with a four-row power sprayer made 
by E. C. Brown & Co., Rochester, N. Y. (See Plate IX, fig. 2.) 
It carries one nozzle for each row and is intended to be hauled 
by one horse, but the soil being sandy and the field somewhat 
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hilly, Mr. Pettit thought best to fit the sprayer for use with two 
horses. The dates of spraying in the field in which the test 
rows were located were as follows:—July 20, August 1, 18 and 
25 and September 7. The bordeaux used was made by the usual 
formula; namely, six pounds of copper sulphate, four pounds of 
lime and fifty gallons of water. The eight-acre field was about 
100 rods from the water supply, but the smaller field was 
nearer. There were so few bugs that it was unnecessary to use 
poison. 

Mr. Pettit states that the unsprayed rows began to show blight 
about August 18. When one of the writers examined the ex- 
periment on August 24 the unsprayed rows showed no marked 
contrast to the sprayed, but upon going among the plants it was 
readily seen that blight was thoroughly established throughout 
the greater part of the length of the rows. At the south end 
one-third of the foliage was ruined by blight. The sprayed 
plants, also, showed a little blight, but they were not nearly as 
bad as the unsprayed. 

On September 21, the day before frost, the condition of the 
plants was as follows:—Throughout one-fifth of the distance 
across the field from the south end the unsprayed rows were com- 
pletedly dead and dry. In the same region the plants on the 
sprayed rows adjacent still retained about one-third of their fol- 
lage. Over the next two-fifths of their length the unsprayed rows 
were dead, but the stems of the plants were still succulent. 
Spraved plants adjacent were about half dead. Over the remain- 
ing two-fifths of their length the unsprayed rows were half dead 
while the sprayed rows adjacent were uninjured by blight. (Plate 
IX, fig. 1, shows the test rows at the south end as they appeared 
on September 6.) 

All of the damage was caused by late blight, Phytophthora 
infestans. The greater virulence in the southern portion of the 
field seems to have been chiefly due to the influence of a piece 
of timber on’ the south. Plants next the timber were shaded for 
two hours or more every morning. Consequently, both dew 
and rain remained longer on these plants, thereby furnishing 
excellent conditions for the growth and propagation of the blight 
fungus. Plants next the timber blighted first and then the dis- 
ease spread toward the north. 
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The test rows were dug and weighed on October 25. The 
yields were as follows: 


Second sprayed row on the west, 625 pounds marketable tubers. 
Second sprayed row on the east, 580 pounds marketable tubers. 
Average of two sprayed rows, 60214 pounds marketable tubers. 
Middle unsprayed row, 293 pounds marketable tubers. 


Yield, sprayed, 162 bu. 16 lbs. marketable tubers per acre. 
Yield, unsprayed, 78 bu. 55 lbs. marketable tubers per acre. 
Gain, 88 bu. 21 lbs. marketable tubers per acre. 


The yield of culls was at the rate of 22 bushels 29 pounds per 
acre on the sprayed rows and 29 bushels 5 pounds per acre on the 
unsprayed, the difference being 61% bushels, per acre in favor of 
the unsprayed. 

There was no rot. The total yield from the twelve acres was 
2330 bushels, or an average of 194 bushels per acre. 

The items of expense of spraying the twelve acres are as fol- 
lows: 


417 pounds copper sulphate at 614.................... $27 10 
MA reeRI TL LeveL LINC AA) Cae Sore Louie. «onal <Yeto lace! ove! Qocce nets Pubs o eue 2 00 
EO MESA DOT LOL TEAM AU PE) Coe sercidhcS, viqteiaays sinister #ieibya > 9 00 
Mr De One LOT sag elle L29( o ies btea te alg eeiac beayeisk ocalalnns (ance 10 50 
Interest on cost of sprayer ($65 at 6%)............05. 3 90 
Wear on sprayer (5c per acre each spraying).......... 3 00 
OTD taps ee Sipe Sac aR Ee Ns i eee ay aay BOI nT Oe ar $55 50 
SMOPUECOSL OlsSpravino DCL CTO. Gs cic se ce cc wt ieie veg be wns $4 6216 
Bepem per ACTE LOT CAC SPLAVIN Gy sn 6 . scenes he's ¥ arg ole a sles 921, 


At 40 cents per bushel, the market price of potatoes at digging 
time, 83 1-3 bushels of potatoes would be worth $33.83.  Sub- 
tracting $4.68, the cost of spraying per acre, there remains a net 
profit of $28.70 per acre. 

Although there were five other farmers’ business experiments 
in which the gain per acre was more than 83 1-3 bu., the Clifton 
Springs experiment ranks first in the percentage of gain, which 
was 105.6 per ct. Spraving more than doubled the yield. If 
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frost had not come until after the plants had finished their growth 
the gain due to spraying would have been still larger. 


THE DENMARK EXPERIMENT. 


This experiment was made by H. E. Cook at Denmark in 
Lewis County. Two and three-fourths acres of potatoes were 
sprayed four times—July 14, 28, August 15 and 27. 

There were two varieties in the field—Carman No. 3 and Rural 
New Yorker No. 2. In the latter variety three rows were left 
unsprayed. These rows were 586 feet long and 3 1-3 feet apart, 
2214 rows being required to make an acre. The soil was a 
sandy loam with some gravel in it. 

The spraying was done with an “Aroostook” two-horse power 
sprayer covering four*® rows at each passage with one Vermorel 
nozzle over each row. In the first three sprayings paris green 
was used with the bordeaux at the rate of one pound to fifty 
gallons. At the time of the first spraying the unsprayed rows 
were treated with paris green in water. At the time of the 
second spraving the unsprayed rows were accidentally sprayed 
with bordeaux and paris green the same as the sprayed rows. 
On August 15 when the third spraying was made bugs were 
plentiful and poison should have been applied to the unsprayed 
rows, but it was neglected, with the result that bugs injured the 
unsprayed rows considerably. . 

When the experiment was examined on September 13 there 
was a little blight on both sprayed and unsprayed rows, but no 
material damage had been done. The plants were killed by frost 
on September 21. 

The test rows were dug by hand on October 7. . The*yields 
were as follows: 

Second sprayed row on the north, 561 pounds marketable 
tubers. 

Second sprayed row on the south, 580 pounds marketable 
tubers. 


*'The sprayer was intended to spray six rows at a time, but owing to the 
unusual width of the rows (34 feet) it was necessary to rearrange the noz- 
zles, and in doing this the change to four rows was made for the sake of 
convenience. ‘ In the third spraying extra nozzles were added so that every 
other row received spray from two nozzles. Mr. Cook states that on the 
double-sprayed rows the spraying was much more thoroughly done. He is 
Ms the opinion that two nozzles per row are needed when the vines become 
arge. ; 
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Average of the two sprayed rows, 57014 marketable tubers. 
Middle unsprayed row, 512 pounds marketable tubers. 
Yield, sprayed, 211 bu. 33 lbs. marketable tubers per acre. ~ 


Yield, unsprayed, 189 bu. 52 lbs. marketable tubers per acre. 
Gain, 21 bu. 41 lbs. marketable tubers per acre. 


The yields of culls, including both small and rotten tubers, was 
at the rate of 22 bushels 4 pounds per acre on the sprayed rows 
and 21 bushels 8 pounds on the unsprayed. Fully one-half the 
culls consisted of rotten tubers in the early stages of decay and 
apparently there was just as much rot on the sprayed as on the 
unsprayed rows. All of the rot seemed to be of the kind which 
follows late blight, Phytophthora infestans. This is proof that 
there was some late blight in the field, on the sprayed as well as 
on the unsprayed rows. A fifth spraying, made about September 
10, would probably have prevented most of the rot. 

The items of expense of spraying two and three-fourths acres 
were as follows: 


fepounds copper sulphate, at TC. 2.2... vec cece neces $7 00 
PpOUmdsa Ne MAL SCOR se, 6. AY. Ook BE 50 
8 pounds paris green, at 15c........ Mea te ear ne 1 20 
Serie ve MAbOr fon man, at, SLibO: 6 occ. sais, . 3s cea es 5 Ov 
ee Sal DON) DOT TOA AU. sp LOO 6 sere e ectye- myers, Sie we ony 0s 2 50 
Bee IO MDC AVC Tam Scan at ees Bi Seo te Best des oma gis Siena g <8 3 00 
REI rae hc Faha len chen Gn fae Wear e's Ciseoth « woe aeler $19 20 
BeeCOsl 4h SPLaviIne Del ACTC ne. es cine eee tee $6 98 
Beta er acre LOT EACH Spraying... cs. ee cies wept enews» 1 7414 


-In this experiment the cost per acre for each application is 
high, being more than twice as great as in other experiments 
made with the same kind of sprayer.*® This is largely owing to 
the long distance (one mile) which it was necessary to haul water 
for making the bordeaux. 

Soon after digging, the potatoes were sold for fifty cents per 
bushel. At this price 21% bushels would be worth $10.83. Sub- 
tracting $6.98, the cost of spraying per acre, there remains a net 
profit of $3.85 per acre. 


76See pp. 107, 126, 158, 161 and 162; also Bul. 241, pp. 273, 275 and 278. 
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The results in this experiment are not of much value. Part of 
the increase in yield on the sprayed rows was due to their having 
been protected from bugs while the unsprayed rows were neglected 
and suffered considerably from bugs. Matters were further com- 
plicated by the accidental spraying of the three unsprayed rows. 
Mr. Cook thinks that this spraying afforded the unsprayed rows 
considerable protection against late blight and his view is sup- 
ported by the fact that his potato field, including the unsprayed 
rows, remained green after all others in the neighborhood were 
dead from blight. 


THE MADRID EXPERIMENT. 


This experiment was made by W. E. Griffith at Madrid in St. 
Lawrence County. Two and two-thirds acres were sprayed four 
times. The variety was Carman No. 8. The soil was a fertile | 
clay loam. The potatoes were planted early but came out poorly, 
making a thin stand of plants. Three rows 614 feet long and 3 
feet apart were left unsprayed. To make an acre required 23.64 
TOWS. 

The spraying was done with a home-made outfit consisting of 
a one-horse, two-wheeled cart carrying a fifty-gallon barrel with 
a hand spray pump attached and arranged to spray three rows at 
a time with two Vermorel nozzles per row. (See Plate X, fig. 
1.) A one-armed man did both the pumping and driving. It 
was necessary to haul the bordeaux about 40 rods. 

The dates of spraying were June 30, July 11, 16 and 27. At 
each spraying paris green was used with the bordeaux at the 
rate of one pound to fifty gallons. In addition, the plants were 
treated twice with paris green in water at the same rate, making 
in all six applications of poison to the sprayed rows. The 
unsprayed rows were given seven applications of paris green in 
water, one pound to fifty gallons. It would seem that this very ~ 
thorough treatment should have kept bugs entirely under con- 
trol, but Mr. Griffith reports that it did not and that the 
unsprayed rows were slightly more injured by bugs than those 
sprayed. 

No record was kept of the progress of blight. All we know is 
that the unsprayed rows were considerably affected by late blight 
on August 6, and that both sprayed and unsprayed plants died 
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prematurely. On September 12, the plants were all dead and 
the field overgrown with weeds. Mr. Griffith thinks that a fifth 
spraying would have been very beneticial. 

The test rows were dug with a plow on October 6. The yields 
were as follows: 


Second sprayed row on the north, 807 pounds marketable tubers. 
Second sprayed row on the south, 235 pounds marketable tubers. 
Average of the two sprayed rows, 271 pounds marketable tubers. 
Middle unsprayed row, 18044 pounds marketable tubers. 


Yield, sprayed, 166 bu. 46 lbs. marketable tubers per acre. 
Yield, unsprayed, 71 bu. T lbs. marketable tubers per acre. 
Gain, 35 bu. 39 lbs. marketable tubers per acre. 


‘The yield of culls was at the rate of 6 bushels and 54 pounds 
per acre on the sprayed and 8 bushels and 28 pounds on the 
unsprayed. There were a few rotten tubers among both sprayed 
and unsprayed and these were included with the culls. 

The items of expense of spraying 23 acres were as follows: 


114 pounds copper sulphate at 6c........ Br tics habs war Aik $6 84 
TOR Ga TER So Uae ae) md De ee ee co 76 
Pe OUnOpaparig Orecn at LUC. , .5 ee, CL iLE Ske ote es 5 40 
oan oureaADOr fOr MAMMAL LOC es sn. ce gk slate oes de tee 2 40 
PEON T a ADOT LOL MOIS AU LUCY. 9s huis ake t cfetleye Oe 8 1 60 
Pe EERIE SLL VICIS tao os. n ek amet Oe olds Mite oe a ce rea ee 1 00 

TR NOR te a Se ee ey a eat, eae: SEO ee $18 00 

POruecCOStiOl SPLAyile Per Acres, Valse aes cael welele $6 75 

Cost per acre for each spraying..............46. i ane 1 69 


The cost of spraying was greatly increased by the enormous 
quantity of paris green used. This item amounted to $2.02 per 
acre. ; . 

At digging time the market price of potatoes was 30 cents per 
bushel, but early in November it rose to 50 cents. At 30 cents 
per bushel 35 2-3 buskels would be worth $10.70. Subtracting 
$6.75, the cost of spraying per acre, there remains a net profit of 
$2.95 per acre. 
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THE MALONE EXPERIMENT. 


This experiment was conducted by Nelson W. Porter, Malone, 
N.Y. Eight acres of potatoes were sprayed seven times. Three 
rows 1452 feet long were left unsprayed for a check. 3 

The soil was sandy loam and the previous crop timothy hay. 
Five tons of high grade commercial fertilizer were used on the 
eight acres. The potatoes were of the variety Carman No. 3. 
They were planted May 27 five inches deep, 1814 inches apart in 
the row and the rows three feet apart. They were given six 
cultivations without any hilling and no hand hoeing except over 
a small area infested with quack grass. 

The spraying was done with a one-horse, four row “Iron 
Age” sprayer manufactured by the Bateman Manufacturing Co., 
Grenloch, N. J., (See Plate X, fig. 2.) The dates of spraying 
were July &, 18, 27, August 2, 15, 25 and 31. Paris green was 
used with the bordeaux in the first two sprayings at the rate of 
one and one-half pounds per acre. The unsprayed rows were 
treated with paris green on the same dates. 

Until well toward the close of the season there was no marked 
difference between the sprayed and unsprayed plants. On Sep- 
tember 9 the unsprayed plants were smaller and appeared less 
vigorous than the sprayed. They also showed some injury from 
early blight, but late blight was present only in small amount. 
Flea-beetles gave no trouble at any time. A few days before the 
plants were killed by frost on September 22 there was an out- 
break of late blight which damaged the unsprayed rows consider- 
ably but did not affect those sprayed. 

Considering that there had been so little blight until late in 
the season and no conspicuous contrast in appearance of the foli- 
age on sprayed and unsprayed rows it was not expected that there 
would be a. great difference in yield. Consequently it was a 
surprise to find that the sprayed rows outyielded the unsprayed | 
at the rate of 115 bushels per acre. (See Plate XI.) The test 
rows were dug by hand on October 5, the yields being as fol- 
lows: 

Second sprayed row on the north, 2017 pounds marketable 
tubers. 
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Second sprayed row on the south, 2022 pounds, marketable 
tubers. ; 

Average of the two sprayed rows, 201914 pounds marketable 
tubers. 

Middle unsprayed row, 1331 pounds, marketable tubers. 

Yield per acre, sprayed, 336 bu. 35 lbs. marketable tubers. 

Yield per acre, unsprayed, 221 bu. 50 lbs. marketable tubers. 

Gain per acre, 114 bu. 45 lbs. marketable tubers. 

The yield of tubers below marketable size was at the rate of 
2434 bushels per acre on the sprayed and 373 bushels on the 
unsprayed. 

On the unsprayed row there were 116 pounds of rotten tubers, 
which is at the rate of 19 1-3 bushels per acre, while on the 
sprayed rows there was practically no rot—7 pounds on one 
row and 4 pounds on the other. Furthermore, the sprayed 
potatoes kept well in storage. Thus it is plain that spraying 
checked the rot, but it is strange that there was not more rot on 
the unsprayed row. In the majority of potato fields in the 
vicinity of Malone there was much rot owing to the abundant 
rains in the latter part of September. In a field lying just across 
the road at the east end of the experiment field, on the same 
kind of soil and with equally good growth of vines, the yield 
was about 30 bushels of marketable tubers per acre, the remain- 
der being rotten; while in another field across the road at the 
west end of the experiment field about one-half of the tubers 
were rotten. For some reason the unsprayed rows in Mr. Porter’s 
experiment did not blight as badly as did neighboring fields which 
were not sprayed and of course there was less rot. Another 
thing which protected Mr. Porter’s potatoes from rot to some 
extent is the fact that they were deep-planted. Deep-planted 
potatoes usually rot less than shallow-planted ones. 

The total vield of marketable potatoes on the eight acres was 
2940 bushels which is at the rate of 36714 bushels per acre. 
Although the yield was so large, scarcely any of the tubers were 
overgrown. The entire crop was sold at from 40 to 45 cents 
per bushel. 
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The items of expense for spraying eight acres seven times in 
the Malone experiment were as follows: 


310: pounds copper sulphate’ at 5340 wees ee $17 82 
24 pounds paris green at 15¢.......... BOS Gators hen 3 60 
200 pounds lime at one-half cents. <ttiw. va ee ee ee ee 1 25 
(0 hours, labor, for: man: at FLO Wad .ga ete s eta 
70;hours labor-for horse at 5G. ich Was ete came 3 50 
Allowance for wear ofqsprayer. ..i5<2- sok oa -eeee vee Lae 
DOTA Bee Nitin 0 bie hance Gree Fuente ae nae oe $46 69 
Total cost per acre for seven sprayings....... Mette 5 $5) 83 
Cost per acre for each spraying..... itl pesos ears 834 


At 40 cents per bushel 11434 bushels of potatoes would be worth 
$45.90. Subtracting $5.83, the cost of spraying, there remains 
a net profit of $40.07 per acre. 


e 


THE PERU EXPERIMENT. 


This experiment was conducted by Datus Clark at ~Peru in 
Clinton County. Sixteen acres were sprayed four times. There 
were two varieties; namely, Green Mountain and White Giant. 
Six rows about 80 rods long and running cross-wise of both vari- 
ties were left unsprayed. The soil was sandy loam. The nearest 
point of the field was sixty rods from the water supply. The 
Spraying was done with a six-row, two-horse “ Aroostook ” power 
sprayer made by the Field Force Pump Co., Elmira, N. Y. The 
sprayer was fitted with one Vermorel nozzle for each row. The 
dates of spraying were July 18, 29, August 9 and 22. Paris 
green was used with the bordeaux twice. Perhaps this was un- 
necessary. Although no poison whatever was applied to the 
unsprayed rews they were not injured by bugs. 

At no time during the season was there any blight OF: impor- 
tance even on the unsprayed rows. However, there must have 
been a little late blight, Phytophthora infestans, because a few 
rotten tubers were found. On September 9, when the experi- 
ment was examined by one of the writers, it was impossible to dis- 
tinguish the unsprayed rows. No trace of late blight could be 
found at this time. The plants were large and healthy except 
for a slight spotting of the foliage the cause of which was not 
definitely determined. Other potato fields in the vicinity were 
looking well with almost no indication of blight. 
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The test rows were dug by hand on October 3. Since the 
rows were so long and Mr. Clark very busy, it was decided to dig 
and weigh only 300 feet of each variety. In each variety the 
vield was taken of the middle two unsprayed rows and of the 
second sprayed row on either side with the following results: 


Green Mountain: Two sprayed rows, 490 Ibs. marketable tubers. 
Green Mountain: Two unsprayed rows, 58045 lbs. marketable 
tubers. 
Yield per acre, sprayed, 197 bu. 38 lbs. marketable tubers. 
Yield per acre, unsprayed, 205 bu. 6 Ibs. marketable tubers. 
White Giant: Two sprayed rows 27014 Ibs. marketable tubers. 
White Giant: Two unsprayed rows, 268 Ibs. marketable tubers. 
Yield per acre, sprayed 109 bu. 6 Ibs. marketable tubers. 
Yield per acre, unsprayed, 108 bu. 6 Ibs. marketable tubers. 
Average yield per acre, sprayed, 153 bu. 22 lbs. marketable 
tubers. 
Average yield per acre, unsprayed, 156 bu. 36 lbs. marketable 
tubers. 
Loss per acre, 3 bu. 14 lbs. marketable tubers. 


The average yield of culls (small tubers only) was 334 bu. 
per acre on the sprayed and 714 bu. on the unsprayed. 

The rotten tubers were not weighed. There were none at all 
in the variety White Giant and only a few in the Green Moun- 
tain. 

Owing to late planting, the plants were in full foliage on 
September 21 when frost came. Had there been time for the 
plants to mature the yields would have been larger. 

The items of expense of spraying the sixteen acres were as 
follows: | 


121 pounds copper sulphate at 10 cents.............. $1 


2 10 

PU GOSRIIING rl elo CON sate teas siete ev sete si cine ve 78 
P2,pounds paris green at-20 cents... 02.8 oe as 2 40 
24 hours’ labor for team at 25 cents............... 6 00 
Pe Nourse labor {Or man atl: Cents... os 6. ieee ow o's 3 00 
Ree UMECHEIBES LLY CL teehee Fe iso so wins Seale te a ate tan ns 4 00 
Sohn Re a lee eas aie | ne NR, ieee Ch 28 88 
OR I MGAS OCDE SULA V ITE DCT ISCO. . eo ueidg ic os a + ve euler $1 80 


peta verincre, LOE reach Spray Oe os). ees tee see ee 45 
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At digging time the market price of potatoes was 35 cents per 
Pushel. At this price 314 bushels would be worth $1.14. Add- 
ing to this $1.80, the cost of spraying, we have in this experi- 
ment a loss of $2.94 per acre. 

Although the spraved rows yielded less than the unsprayed 
it is very improbable that the plants were injured by the spray- 
ing. The small difference in vield, 314 bushels per acre, may 
easily have been due to slight differences in soil. Differences 
much greater than this often occur between adjacent rows 
treated as nearly as possible in the same way. Examples of 
wide difference in vield between rows close together and treated 
exactly alike may be seen in Tables V and VII on pages 100 and 
103 respectively. 

This was Mr. Clark’s first experience with spraying potatoes. 
In fact very little spraving has ever been done at Peru al- 
hough the potato crop is an important one there. In spite of 
the unsuccessful outcome of Mr. Clark’s experiment we believe 
that. one year with another, it will pay to spray potatoes in 
that section. Another experiment will be made in 1905.. It can 
scarcely be possible that potatoes are exempt from blight at 
Peru. At Burlington, Vt., onlv a few miles distant, late blight 
is destructive nearly every season. The Vermont Experiment 
Station, located at Burlington, has made potato spraying ex- 
periments every season since 1891, the average gain for fourteen 
vears being 12514 bushels per acre. Strange to say, the largest 
gain was obtained in 1904 when plants sprayed twice outyielded 
unspraved plants at the rate of 261 bushels of marketable tubers 
per acre. The gain was due chieflv to a reduction in the amount 
of rot among the tubers. 


THE SLITERS EXPERIMENT. 


This experiment was made by John S. Middleton about eight 
miles southeast of Albany. Three acres of potatoes were 
sprayed with a five-gallon, compressed-air sprayer bought of the 
Rochester Spray Pump Company, Rochester, N. Y. (Plate 
XVI, fig. 1.) The potatoes were of the variety Late Delaware 
planted in hills two feet six inches apart each way. The soil 
was a shaly loam. Three rows 600 feet long were left unsprayed. 
The entire field excepting the three unsprayed rows was sprayed 
twice and one-half the field was sprayed a third time. The 
-unsprayed rows were in the portion sprayed three times. The 
dates of spraying were: First, July 11 and 12; second, July 27 
and 28; third, August 8 and 9. 


at 





Fie. 1—TuHer CLIFTON SPRINGS EXPERIMENT. 
Photographed Sept. 6 Gain due to spraving, 834 bushels per acre. 





Fig. 2.—SPRAYING IN THE CLIFTON SPRINGS EXPERIMENT. 
PLATE IX. 





“MOY? 


GUXVY4SNQ FHL Woud(*sal O[[) Suasay, NaALLoy “avay NI AUd TIVWYS ‘alg AHL NO MOY AAXvadY ANOOGS 
40 Lonaoug ‘Sad ONG {MOY GAXVUdSNQ AIGaI 40 LonGoug ‘Ad AIAG *INAWIaaaxXy ANOTVAL FHL—TX ILvId 


‘nq 9° ff ‘peAvidg "nq 2°c2 ‘poAeidsug¢ ‘nq L°€€ “peAvidss 















. 
ak 
aque < 
oe 


4 





a 


4 
ret = 


. oe 
et 


te iatsa 8 : ; 
; Laine 2 
oo Lm an Ped 
* ¥ hee Coa oa 
ries 


_ 
; 








Fig. 1.—SPRAYING IN THE FARMINGDALE EXPERIMENT. 








Fig. 2.—SPRAYING IN THE SOUTHAMPTON EXPERIME 
PLATE XII. 
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Fic. 1.—SPRAYING IN THE MATTITUCK EXPERIMENT. 





Fic. 2.—EXCELLENT FACILITIES FOR MAKING BORDEAUX. 
Property of W. H. Satterly and E. D. Ruland, Mattituck, N. Y. See footnote on p. +46: * 
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Fig. 1.—VOLUNTEER EXPERIMENT No. 16. 
By D.S. Norris, West Rush; N. Y. Gain due to spraying, 196 bushels per acre. 





Fig. 2.—VOLUNTEER EXPERIMENT No. 17. 


By T. E. Martin, West Rush, N. Y. Gain due to spraying, 62 bushels per acre. 
Photographed Sept. 22. 
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Fig. 1.—SPRAYING IN THE SLITERS EXPERIMENT. 








Fig. 2.—USING A COMPRESSED-AIR SPRAYER IN 
VOLUNTEER EXPERIMENT No. 36. 


A sprayer of this kind is useful in gardens but not adapted to large fields. 
PLATE XVI. 
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On August 12 there seemed to be no difference whatsoever 
between the sprayed and unsprayed rows. The plants were 
healthy but not large. There was neither early nor late blight 
and no damage from flea-beetles. During the preceding three 
weeks there had been but little rain and the weather conditions 
were unfavorable to blight. Up to the time the plants were 
killed by frost there was very little contrast in appearance be- 
tween the sprayed and unsprayed rows. Nevertheless, when the 
test rows were dug on September 30, the sprayed rows were 
found to outyield the unsprayed sufficiently to cover all expense 
of spraying and leave a small net profit. The yields were as 
follows: 


Second sprayed row on the west, 314 Ibs. marketable tubers. 
Second sprayed row on the east, 311 lbs. marketable tubers. 
Average of the two sprayed rows, 31214 lbs. marketable tubers. 
Middle unsprayed row, 262 Ibs. marketable tubers. 

Yield per acre, sprayed, 151 bu. 15 lbs. of marketable tubers. 
Yield per acre, unsprayed, 126 bu. 48 lbs. of marketable tubers. 
Gain per acre, 24 bu. 27 lbs. of marketable tubers. 


The yield of culls was 30 bushels 29 pounds per acre for the 
sprayed and 32 bushels 55 pounds for the unsprayed. 

There was no rot. The total yield of the three acres was 200 
barrels of 600 bushels, which is at the rate of 200 bushels per 
acre. | 

The items of expense”? of spraying three acres three times are 
as follows: 


446 gallons bordeaux mixture. . ..............6.-6- $4 14 
Gemiirs | AbOr. At® Ie CONUS aie d Poe ee ee eck ee ek eee 9 45 
4 pounds arsenate of lead?® at 25 cents ............ 1 00 
MNO IHL a aT St VCO [Sy sirche) bps xl et oebiei bele ee SG eee 16 
ESERIES aS Ra aR ea PE os POA ONS EN Cee $14 75 
MeeeRIeCOSt Ol SPPAyING, POL ACTC. oo. oe fawn ee ened be mes $4 92 


edetoper acre JOr-Cachy Spraying... . sce ww ad en ces 1 64 


7The actual expense was less than here given because in the third spraying 
only one-half the field was sprayed. These figures show what the expense 
would have been for three full sprayings. 

*In our opinion it is not advisable to use arsenate of lead for poison on 
potatoes. It is too expensive. Paris green and arsenite of soda are both 
considerably cheaper, equally effective and do not injure the foliage if applied 
with bordeaux mixture as they should be applied. 
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At digging time the market price of potatoes in Albany was 
$1.25 per barrel or 41 cents per bushel. At this rate 241% 
bushels of potatoes would be worth $10.04. - Subtracting $4.92, 
the cost of spraying, there remains a net profit of $5.12 per acre. 

In this experiment, as in some others, the yields would have 
been larger and the gain due to spraying greater if the plants 
had had a chance to mature before frost. 


THE WOODBURY EXPERIMENT. 


This experiment was made by R. C. Colyer at Woodbury on 
Long Island. Fourteen acres were sprayed seven times with a 
“ Watson” sprayer bought of the Field Force Pump Company, 
Elmira, N. Y. This is a one-horse power sprayer which covers 
four rows at each passage. (See Plate XII, fig. 2.) It is fitted 
with one Vermorel nozzle per row and was so used in the first 
three sprayings; but when the vines became large, Mr. Colyer, 
finding that the plants were not being thoroughly covered by 
the spray, put on two nozzles per row. This proved satisfactory. 

The soil was sandy loam. There were two varieties, namely, 
Gold Coin and Green Mountain. In the latter variety three 
rows were left unsprayed. They were 790 feet long by three 
feet wide, 18.38 rows being required to make an acre. 

The dates of spraying were June 22, 29; July 6, 15, 24; 
August 3 and 12. Paris green for bugs was used with the bor- 
deaux in the first spraying at the rate of 114 pounds to fifty 
gallons. The unsprayed rows were treated once with paris 
green applied dry with a Leggett powder gun. 

The experiment was examined by one of the writers on July 
23. Already there was a marked contrast in appearance between 
the sprayed and unsprayed rows. The unsprayed rows showed 
considerable injury from early blight, Alternaria solani, and 
flea-beetles. Late blight, Phytophthora infestans, was also a fac- 
tor, but less important than the other two. Even on the sprayed 
portions of the field flea-bettles were very plentiful and doing 
Some damage, but not nearly as much as on the unsprayed - 
rows. . 

On August 11 the experiment was inspected a second time. 
The unsprayed rows were now dead and dry throughout their 
entire length. The sprayed rows adjacent still retained about 
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three-fourths of their foliage making the contrast between the 
sprayed and unsprayed very striking. The unsprayed rows were 
so completely dried up that it was impossible to determine what 
had killed them; but the sprayed rows showed evidence of a 
severe attack of flea-beetles. On the sprayed rows adjacent to 
the unsprayed there was but little late blight although in some 
other parts of the field it was abundant. 

The test rows were dug on September 19. As usual, weights 
were taken on the middle unsprayed row and the second sprayed 
row on either side. The yields were as follows: 


Second sprayed row on the west, 997 Ibs. marketable tubers. 
Second sprayed row on the east, 949 Ibs. marketable tubers. 
Average of the two sprayed rows, 973 lbs. marketable tubers. 
Middle unsprayed row, 624 Ibs. marketable tubers. 

Yield per acre, sprayed. 298 bu. 3 lbs. marketable tubers. 
Yield per acre, unsprayed, 191 bu. 9 lbs. marketable tubers. 
Gain per acre, 106 bu. 54 lbs. marketable tubers. 


The yield of culls was at the rate of 1434 bushels per acre for 
the spraved area and 221-5 bushels for the unsprayed. 

The loss from rot was small on both the sprayed and the 
unsprayed rows. The increased yield on the sprayed rows was 
mostly due to longer growth of the vines. Flea-beetles, early 
blight and late blight were all factors in this experiment. Flea- 
beetles were especially destructive. Mr. Colyer states that he 
has rarely known them to be so numerous and that they seemed 
to be worse in his field than in most other fields in the vicinity. - 
These troublesome little insects are scarcely affected by poisons 
applied in the ordinary way, but by spraying very thoroughly with 
bordeaux mixture and paris green their ravages may be greatly 
reduced. In this experiment they caused considerable damage 
to the sprayed rows in spite of the spraying, while the unsprayed 
rows were ruined by them. 

The items of expense of spraying 14 acres seven times in the 
Woodbury experiment are as follows: 


630 pounds copper sulphate, at 534c................. $36 23 
ema Rett Op OTe re ge ae rie a kas)’. st vig’ elt pss no 2g ualstms 2 80 
Meee SP Ile eT Lt, Gia asc ' satis sx onace ego! + « Suce.s 3 74 


MILOTI MUL TOO LOL Widihe LUO LOCe yy ng cine br cies oes sao sae 21-00 


TS2 REPORT OF THE BOTANICAL DEPARTMENT OF THE 


70 hours labor for horse, at 10¢...........00ceeeeees $7 00 
Wear on sprayer, at 25c. per acre...... Ef OTS 3 50 

AAG CRE reer, Obert Se etnmerne Siege See. Tay SS $74 47 
Dotal cost. of Spraying PereAeres: ssa ss sis c..8 = samsepeene a eee $5 32 
Cost per acre for each SPrayin Gu.) 25.00 £6-ter ste eyete o4 a © 76 


At the time of digging the test rows the market price of pota- 
toes was $1.75 per barrel or 60 cents per bushel at Wallabout 
Market in Brooklyn, where Mr. Colyer markets most of his pota- 
toes. Later the price rose, being $2 per barrel on November 14. 
At 60 cents per bushel 106 5-6 bushels would be worth $64.10. 
Subtracting $5.32, the expense of spraying, there remains a net 
profit of $58.90 per acre. 

THE FARMINGDALE EXPERIMENT. 


This experiment was made by R. E. Colyer at Farmingdale on 
Long Island. Fifteen acres of potatoes were sprayed four times. 
Three rows 680 feet long, 21%4 feet apart, were left unsprayed 
for a check. The soil was sandy loam. The potatoes were of 
the variety Carman No. 3. 

The dates of spraying were June 27, July 11, 25 and August 
4. The sprayer used was a two-horse, home-made rig covering 
Six rows at a time with two nozzles per row. The spray pump 
was bought of the Spramotor Co., Buffalo, N. Y. In the first 
spraying the pumping was done by hand, but afterward with 
power obtained from the wheels. (Plate XII, fig. 1.) Bordeaux 
mixture was applied at the rate of about 60 gallons per acre in 
each spraying. Water for preparing the bordeaux was obtained 
from a pond about twenty rods distant. 

On July 23 there were traces of late blight on sprayed and 
unsprayed rows. Flea-beetles and plant lice were abundant in > 
all parts of the field. There was no early blight. 

On August 11 the plants on the unsprayed rows were dead, 
but the stems were not yet dry. They had been killed by late 
blight and flea-beetles, chiefly the former. At the same time 
about three-fourths of the leaves on the adjacent sprayed plants 
were still green, the other one-fourth being affected with late 
blight. A fifth spraying at this time would have been very bene- 
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ficial, but owing to the pressure of other work it was impossible 
to make it. Moreover, the field was overgrown with large weeds 
which covered the potato plants to such an extent that it would 
not have been possible to reach more than about one-half of the 
plants with the spray. 

The test rows were dug with a double mold-board plow on 
October 18. The yields were as follows: 


Second sprayed row on the west, 278 Ibs. marketable tubers. 
Second sprayed row on the east, 357 Ibs. marketable tubers. 
Average of the two sprayed rows, 815 lbs. marketable tubers. 
Middle unsprayed row, 158 lbs. marketable tubers. 

Yield per acre, sprayed, 134 bu. 36 lbs. marketable tubers. 
“veld per acre, unsprayed, 67 bu. 28 lbs. marketable tubers. 

Gain per acre, 67 bu. 8 lbs. marketable tubers. 


The yield of culls was 2534 bushels per acre on the sprayed 
and 29% bushels on the unsprayed. 

The loss from rot was somewhat greater on the unsprayed 
rows than on the sprayed, but it was not large in either case. 

The sprayed rows yielded almost exactly twice as much as the 
_unsprayed. However, it is somewhat doubtful if all of this 
remarkably large difference may be fairly attributed to spraying. 
Mr. Colyer thinks that the sprayed and unsprayed rows had 
practically the same chance, but in our judgment the unsprayed 
rows suffered somewhat more from bugs. They were treated 
once with dry paris green applied with a powder gun, while the 
sprayed rows received one application of paris green in bordeaux 
at the first spraying. 

The items of expense of spraying fifteen acres four times in 
this experiment were as follows: 


384 pounds copper sulphate, at 6c.................6. $23 04 
Pee DALTels MMe rAU plisoes oS 1S atdets o6ibs lg icte eovlisians 2 03 
pole pounds paris green, at 14¢...5 0.0.0. Gos ee ee 3 71 
Paenoues ia bor Lor team, (at, 25€ «02. <\21G taodieiniera< sie 2 0's 10 00 
40 hours labor for man, at 15c..... RR ee Oe 6 00 
RCTS VOT ae edi dca sielecn oe +0 1+of ena Se ptegt aw Oke pid ea) 

+ ERE, 2 SSeS i it Oe) ree a OLA age cathe nn $45 78 
Total cost of spraying per acre..... aoe ae So dt? bated $3 05 


Wose per acre for Cach Spraying «2.0.0.0 6 5 cece ec tee oa 7614 


134 Report OF THE BOTANICAL DEPARTMENT OF THE 


The market price of potatoes at digging time was 60: cents per 
bushel. Sixty-seven bushels of potatoes at 60 cents per bushel 
would be worth $40.20. Subtracting $3.05, the cost of spraying, | 
there remains a net profit of $37.15 per acre. 


THE MATTITUCK EXPERIMENT. 


This experiment was conducted by W. H. Satterly at Mattituck 
in the eastern part of Long Island, 15 1-6 acres of potatoes being 
sprayed ten times. The potatoes were of the variety Green 
Mountain and in four lots. In one lot seven rows 657 feet long 
and three feet apart (4 acre) were left unsprayed for a check. 
The soil was a fertile sandy loam. 

The spraying was done with a one-horse “ Schanck ” sprayer 
manufactured by John R. Shangle, Hightstown, N. J. This 
sprayer differs radically from all others used in these experiments. 
It has neither force pump nor nozzles. The liquid is drawn off 
by gravity onto two rapidly-revolving disks which break it into 
spray and at the same time scatter it over the plants in all 
directions. Six to eight rows are sprayed at each passage. (See 
Plate XIII, fig. 1.) 

Bordeaux of the usual 6-4-50 formula was applied ten times at 
the rate of about 26 gallons per acre, on the following dates: 
First, June 13 and 14; second, June 21 and 28; third, June 28; 
fourth, July 4 and 5; fifth, Juiy 9 and 11; sixth, July 16, 18 and 
19; seventh, July 21 and 26; eighth, August 1 and 33 ninth, 
August 9 and 13; tenth, August 17. Paris green was applied 
with the bordeaux at the rate of about two pounds per acre 
whenever and wherever needed. Some portions of the field were 
treated oftener than others, but on an average three applications 
of poison were made. In all, 87 pounds of paris green were 
used. 

The check rows were treated three times with paris green in 
lime water; namely, on June 14 and 28 and July 11. 

The vines grew thriftily and soon covered the ground com- 
pletely. The unsprayed rows were attacked by both early and 
late blight, flea-beetles and plant lice. The first three were 
largely controlled by spraying, but the plant lice, of course, were 
unaffected by it. 
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When the experiment was examined on July 20, early blight 
and flea-beetles were the leading enemies. Late blight, too, was 
becoming well established on the unsprayed rows and there were 
traces of it among the sprayed plants. The beneficial effect of 
the spraying was now just beginning to show. On crossing the 
field the unsprayed rows could be readily located by the poorer 
condition of their foliage. 

By August 1, the unsprayed rows were badly blighted and by 
August 9 they were dead except for an occasional tuft of green 
leaves at the tips of a few plants here and there. On the latter 
date the sprayed plants on both sides of the unsprayed were but 
little injured. However, they were thoroughly infested with 
late blight and it was plain that they could not long survive if 
the weather conditions should become favorable to blight. Imme- 
diately after this there came a period of wet weather and the 
sprayed plants deteriorated rapidly. The last spraying was made 
on August 17 at which time the sprayed plants were still quite 
green. 

The test rows were dug on September 8 with a potato digger. 
The yields were as follows: . 


Second sprayed row on the north, 889 Ibs. marketable tubers. 
Second sprayed row on the south, 765 Ibs. marketable tubers. 
Average of the two sprayed rows, 827 lbs. marketable tubers. 
Middle unsprayed row, 78814 lbs. marketable tubers. 

Yield per acre, spraycd, 304 bu. 36 lbs. marketable tubers. 
Yield per acre, unsprayed, 290 bu. 26 lbs. marketable tubers. 
Gain per acre, 14 bu. 10 lbs. marketable tubers. 


The yield of culls was 3114 bushels per acre for the sprayed 
and 47 bushels for the unsprayed. 

Considering the striking difference in growth the difference in 
yield between the sprayed and unsprayed rows was surprisingly 
small. We confidently expected a gain of at least 50 bushels per 
acre here and should not have been at all surprised if it had been 
as much as 75 bushels per acre. The unsprayed rows were in 
plain view from a public road and the difference was so marked 
that the experiment attracted much attention. In some cases 
farmers came several miles to see it. The sprayed rows outlived 
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the unsprayed by at least two weeks; and all experience as well 
as carefully conducted experiments at the Vermont Station” 
go to show that the growth of tubers is rapid during the later 
growth of potato plants. 

Thinking that there might have been some mistake some- 
where, two other rows, one sprayed and the other unsprayed, 
were dug and weighed. The rows selected for this second trial 
were the second unsprayed row from the south and the fourth 
sprayed row on the south, so there were four rows between. The 
results were as follows: : 

Sprayed row 815 pounds, or 300 bushels 11 pounds market- 
able tubers per acre. 

Unsprayed row, 751 pounds, or 276 bushels 37 pounds mar- 
ketable tubers per. acre. | 

Gain, 64 pounds, or 28 bushels 34 pounds marketable tubers 
per acre. 

Although the second trial showed somewhat better results 
than the first one the gain was still smaller than it ought to 
have been. Probably there was no mistake in taking the yields, 
but we are satisfied that in some way the unsprayed rows had 
an advantage. Where the trouble lies it has been impossible to 
determine. Sprayed and unsprayed rows were of the same 
variety, planted and cultivated in the same way, on the same 
kind of soil and with the same amount of fertilizer so far as 
known. Mr. Satterly is unable to explain it... He was as much 
surprised aS we were. 

We are convinced, however, that Mr. Satterly’s actual gain 
from spraying was more than 14 bushels per acre. . The large 
average yield obtained supports this opinion. The total yield of - 
marketable potatoes from 1514 acres was 4,838 bushels, which 
is at the rate of 312 bushels per acre. We do not believe that 
any unsprayed field of several acres on eastern Long Island gave 
an average yield as large as 300 bushels per acre in 1904. 

The items of expense of spraying ten times in the Mattituck 
experiment are as follows: 


479 pounds copper Sulphate ie CONUS: . wees $28 74 
SLES potas lime -'At) LeCen Cri cease ket. voc he oly sean reais | 3 16 





Vermont Exp. Sta. Bul. 40:26; Ann. Rep. 12: 155-156; Bul. 72:4—5. 
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ar pounus paris preen at 15 Cents... eee ee we ce $13 05 
qo Hours tabor for man at 20 cents. 0... oF. 2 ewe 15 80 
3814 hours labor for boy at 10 cents............... 3 85 
<9 hours labor.for horse at 10 cents..:............. 7 90 
Rr TAN OL iss scares wigan (ele Mitua.g sitlera® 404.8 5 00 

ea DE Fe OP LEE te eee 23% $77 50 
Total cost of spraying per acre........ Potrcaeeo re aes $5 11 
Cost per acre’ for, each. spraying®® 20... 1k ee ; dL 


At 45 cents per bushel, the market price of potatoes at digging 
time, 14 bushels of potatoes would have a value of $6.30. Sub- 
tracting $5.11, the cost of spraying, there remains a net profit of 
$1.19 per acre. 

SOUTHAMPTON EXPERIMENT NO. l. 


This experiment was conducted by H. A. Jagger at South- 
hampton in the eastern part of Long Island.*t It included 14 
acres of potatoes in three lots. Eight and one-half acres were 
sprayed 8 times and the remaining 514 acres 6 times. In one 
of the lots sprayed 8 times and called the “ experiment lot,” three 
rows 622 feet long, 22-3 feet apart, were left unsprayed for a 
check. The soil: was a sandy loam and the variety of potato 
Carman No. 1. 

The spraying was done with the same outfit used in the experi- 
ment in 1903; namely a one-horse, home-madewv rig consisting 


*The low expense of spraying in this experiment, 51 cents per acre, is 
partly due to the small quantity of bordeaux used and partly to the con- 
venient facilities for making bordeaux as shown in Plate XIII, fig. 2. The 
mixing is done in barrels on two platforms placed one above the other stair 
' fashion. The barrel with a shovel in it containes the stock lime. The other 
barrel, standing against the building, contains a stock solution of copper 
sulphate. The two barrels in front. on the upper platform are “ dilution” 
barrels, one for lime water, the other for copper sulphate solution. The 
two barrels on the lower platform are “mixing” barrels. By means of two 
short pieces of hose the contents of the two dilution barrels are drawn off 
simultaneously into one of the mixing barrels. From the mixing barrel 
the prepared mixture runs into the spray tank through another short piece 
of hose and while this is in progress the other mixing barrel is being filled 
so there is as little time wasted as possible. The water required comes from 
a tank in the barn, which is filled by means of a windmill. There is no 
dipping or lifting of water or bordeaux. The work is all done by gravity. 

*1 For several years past Mr. Jagger has made a regular practice of spray- 
ing potatoes and believes that it is profitable. In 1903 he conducted a busi- 
ness experiment for the Station. A full account of this experiment is given 
in Bulletin 241, pp. 267-269. , 
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of an Kclipse No. 2 pump mounted in a 100-gallon barrel on a 
two-wheeled cart.22 One man did both the pumping and the 
driving. 

The bordeaux used contained six pounds of blue vitriol to 50 
eallons of water with sufficient lime added to satisfy the yellow- 
prussiate-of-potash test. Paris green was used freely with the 
bordeaux—at the rate of two pounds to 50 gallons in the first 
four sprayings. Altogether 110 pounds of paris green were used 
on the 14 acres which is at the rate of nearly eight pounds per 
acre. This is a considerably larger quantity per acre than was 
used in any of the other experiments except the Madrid experi- 
ment. The dates of spraying in the experiment lot were June 
20, July 1, 8, 18, 25, 29, August 3 and 12. 

The unsprayed rows were treated three times with paris green. 
Once, when the paris green was applied with a powder gun some 
of the plants received too much and the foliage was slightly 
injured. 

In this experiment the chief enemy fought was late blight, 
Phytophthora infestans, which first appeared on the unsprayed 
rows about July 22 and soon after became so virulent that the 
unsprayed rows were entirely dead by August 10. On this date 
the sprayed portions of the field, although much superior to the 
unsprayed, were nevertheless, badly blighted. All unsprayed 
fields around Southampton were now dead with blight; but the 
sprayed fields, of which there were a good many, were still 
mostly green. 

Flea-beetles, too, were considerable of a factor in the experi- 
ment and it was plain that spraying materially reduced their 
rayages although it did not wholly prevent them. There was 
also some early blight, Alternaria solani, which was more abund- 
ant on the unsprayed than on the sprayed rows. 

The test rows were dug with a potato digger on September 6. 
The yield were as follows: 


Second sprayed row on the west,**® 675 lbs. of marketable tubers. 
Middle unsprayed row, 474 Ibs. of marketable tubers. 

Yield per acre, sprayed, 295 bu. 25 tbs. marketable tubers. 
Yield per acre, unsprayed, 207 bu. 27 lbs. marketable tubers. 
Gain per acre, 87 bu. 58 lbs. marketable tubers. 


2 Hor an illustration of Mr. Jagger’s spraying outfit see Plate V, Bulletin 
241. : 
“Owing to a misunderstanding, Mr. Jagger had already dug the seeond ~ 
sprayed row on the east so that our usual method of taking the yield of the 
second sprayed row on either side could not be followed in this experiment. 
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The yield of culls was at the rate of 20 bushels per acre for 
the sprayed, and 28 bushels for the unsprayed. 

The loss from rot was not measured but it was considerable 
and seemed to be fully as great on the sprayed as on the un- 
sprayed. 

It seems likely that in this experiment the difference of 88 
bushels per acre shown by the test rows is greater than the 
actual gain due to spraying. Our reason for this opinion is the 
fact that the average yield of the field in which the test rows 
were located was far below that of the single sprayed row 
weighed. From a little over four acres only 900 bushels 
were sold making an average yield of less than 225 bushels per 
acre, while the sprayed row which was weighed yielded at the 
rate of 295 bushels per acre. Of course it is possible that the 
soil where the test rows were was better than the average and 
that the sprayed and unsprayed row had an equal chance in 
this respect, but so great a difference is to be regarded with sus- 
picion at least. Had the yield of a sprayed row on the other 
side of the check rows been obtained, perhaps this uncertainty 
might have been cleared up. Mr. Jagger states that the sprayed 
row weighed, appeared to be the best one in the field, but he 
cannot explain why it should be so. 

Although Mr. Jagger evidently did a fairly thorough job of 
spraying it is equally plain that still more thorough spraying 
was required to control the blight. It is in such violent cases 
as this that extra thorough work pays. We are confident that 
the kind of spraying done in the ten year experiment at Geneva 
would have produced double the gain obtained by Mr. Jagger. 

The items of expense for spraying fourteen acres in this experi- 
ment are as follows: 


656 pounds copper sulphate at 534¢.................. $37 72 


eee SOIT zat ban locst) ste hae, Ge, Sip beie oot boca BVedete! «eh iadec’s aes 2 70 
Per oounds paris ereen -atl4c so tees ween walle ee be 15 40 
tenors, labor for mans at 20. aeduwdclis os eed Ghee 3 20: 20 
eeOUrS eA DOL Lore NOTNes AL LUCY Iie ee sues ties ae ares 10 10 
MEMO ISME SS TTLV OL, Conte's esis ce ces 0 4 tie a SiseMtene Cla< pie ips $ 5 00 

MUR ErMeS Seren Wels Cheers go BAS shone) e ale oo S Oe ee Ee $91 12 
Total cost per acre for eight sprayings.............. $7 2 


1 
Most persacre forreach spraying, 2.54503 0. 90 
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At 45 cents per bushel, the price at digging time, 88 bushels of 
potatoes would be worth $39.60. Subtracting $7.21, the cost of 
spraying per acre, there remains a net profit of $32.59 per acre. 


SOUTHAMPTON EXPERIMENT NO. 2. 


This experiment was conducted by Lewis E. Downs who 
sprayed 31 acres of potatoes eight times. The 31 acres were all 
of the variety Carman No. 1 and in five different lots. In one 
lot, three rows 1206 feet long, three feet apart, were left un- 
sprayed. ! . ; vi ae 

The spraying was done with a “Watson” one-horse, four-row 
power sprayer like the one used in the Woodbury experiment. 
(See Plate XII, fig. 2.) As in the Woodbury experiment the 
sprayer was rigged with two nozzles per row although originally 
designed to carry but one. This change was necessitated by 
the rank growth of vines which covered the ground so com- 
pletely that it was difficult to follow the rows. Under such con- 
ditions it is impossible to cover the foliage thoroughly with one 
nozzle per row. The bordeaux mixture was hauled into the © 
field in a 450-gallon tank from which it was pumped into the 
spray tank as needed. 

The dates of spraying in the field in which the experiment rows 
were located were as follows: June 30, July 1, 5, 9, 26, August 
4,6 and 18. Paris green was applied with the bordeaux three 
times, the total quantity used being 120 pounds, which is at the 
rate of four pounds per acre. On the unsprayed rows paris 
ereen was applied three times at the rate of two pounds per 
acre each time, making six pounds per acre in all. The dates 
of application were July 1, 5 and 26. In spite of the greater 
quantity of paris green used on the unsprayed rows bugs did 
slightly more damage here than on the sprayed rows. This 
supports the oft-repeated statement that bugs are more thoroughly 
controlled when the poison is applied with bordeaux than when 
the poison is used alone. 

When we examined the experiment on July 22, there was no 
late blight to be found even on the unsprayed rows. Yet there 
was a marked contrast between the sprayed and unsprayed rows. 
The latter were of a darker green color and had been less 
injured by early blight, which was quite plentiful on unsprayed 
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rows. However, late blight must have appeared soon after July 
22; for under date of August 6, Mr. Downs wrote that the un- 
sprayed rows were badly blighted; and when we inspected the 
experiment on August 10, the unsprayed rows were dead, ap- 
parently having been killed by late blight. The, sprayed rows 
adjacent still retained about three-fourths of their foliage, the 
other one-fourth having been ruined by late blight, early blight 
and flea-beetles, chiefly the first. At the same time Mr. Downs’ 
other four sprayed fields were only moderately blighted while 
all unsprayed fields in the vicinity were dead. But it was a hard 
fight. It was necessary to spray between showers which were 
very frequent, often coming before the bordeaux had had a chance 
to dry on the foliage and then the work had to be repeated. 
Nevertheless, spraying proved highly profitable as will be shown 
presently. 

The test rows were dug on October 8, with the following 
results :34 , 


Second sprayed row on the east, 168614 Ibs. marketable tubers. 
Second sprayed row on the west, 164614 lbs. marketable tubers. 
Average of the two sprayed rows, 166614 lbs. marketable tubers. 
Middle unsprayed row, 120314 Ibs. marketable tubers. 

Yield per acre, sprayed, 334 bu. 24 lbs. marketable tubers. 
Yield per acre, unsprayed, 241 bu. 30 lbs. marketable tubers. 
Gain per acre, 92 bu. 54 lbs. of marketable tubers. 


The -yield of culls was 1914 bushels per acre for the sprayed 
and 1814 bushels for the unsprayed. 

On the test rows the loss from rot was inconsiderable, but in 
some other parts of the 31 acres a good deal of rot was found. 
Mr. Downs places the average loss from rot at about 50 bushels 
per acre. Notwithstanding this loss the total yield of marketa- 
ble potatoes on the 31 acres was about 10,000 bushels or an ayer- 
age of 322 bushels per acre—a very good showing indeed. 

The items of expense for spraying 31 acres eight times were 
' as follows: 


1705 pounds copper sulphate at 6c.................. $102 30 
SEMEL NC Due Oyesa diathis «i 4jo fais eh one Meee 7 43 


“A noteworthy feature of this experiment is the close similarity of yield 
on the two sprayed rows, the difference being only 40 pounds on rows 73. 
rods long. In the Malone experiment (p. 124) the difference was even less 
being only 5 pounds. ; 
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120 pounds paris green at 17c........ San Mesoeiae eeeee $2040 
16 days labor for man at $1.75.......... SPs 2 ee 
16 days labor for horse at $1.00........ beeen eens oo eee 
OCarting bordeaux to the field....... Pe tara 2. RD. Oe 2 00 
Wear on sprayer’and bordeaux tank............. “pee 

ROTA) oe et. Baea es se tie Se PEEP PTE Te 
Total cost. of spraying per Acre, °!.20csj <tsiete.aieis sets ee $6 17 


Cost per acre for each spraying................- Rhy hina 17 


At 55 cents per bushel, the price at digging time, 93 bushels of 
potatves would have a value of $51.15. Subtracting $6.17, the 
cost of spraying, there remains a net profit of $44.98 per acre. 

SUMMARY OF BUSINESS EXPERIMENTS IN 1904. 


The principal features of the fourteen business experiments 
are shown in the following table: 


TABLE XI.—SHowinGa Resutts or Business EXPERIMENTS. 














| Total c 
No. of Increase eae ost r 
Area, : TA eo | ost of per acre | Net”profit 
EXPERIMENT. times in yield : 
sprayed. | -sotaved. «| per acre, |. PptAvene 9) « S0r Coe] aa 

Acres. Bu 
Gainesville........... 2 4 74% $3.19 $0 80 $28 92 
West Henrietta...... 12 8 130 4 89 61 60 11 
Spencerport..:...-5>: 84 6 21% 3 86 64 6 72 
Clifton Springs....... 12 ips 834 4 62 924 28 70 
Denman, wis Sete 22 4 214 6 98 1 744 3 85 
Madrid e2 oF vniiatse soca 24 4 354 6 75 1 69 2 95 
IMEBILOTIO lees tin ie = are 8 if 114% 5 83 834 40 07 
POTS eicn chreteped eons 16 4 —3} 1 80 45 —2 94 
Sliterhata. ceees Actas 3 3 244 4 92 1 64 5 12 
Wioodburyres eatin 5: 14 re 107 5) 32 76 58 90 
Farmingdale......... 15 4 67 3 05 764 37 15 
Mattitiickn cur sos 15% 10 144 Dy 51 1 19 
Southampton, No. 1.. 14 8 88 eval 90 32 39 
Southampton, No. 2.. 31 8 93 6 17 77 44 98 





Total area sprayed in fourteen experiments, 180 acres. 
Average increase in yield per acre, 6214 bushels.*° 


* The average increase in yield per acre may be computed in two ways: 
First, by taking the sum of the figures in the column headed “ Increase in 
yield per acre” anu dividing by 14, the number of experiments; second, by 
finding the total increase in yield in each experiment (increase per acre 
multiplied by the number of acres), adding these totals together and divid- 
ing by 180, the total acreage. 

The averages given are computed by the first method, which we regard 
as the better one for our purpose because the figures obtained by it show 
the average gain due to spraying in 14 different places without regard to 
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Average-total cost of spraying per acre, $4.98. 
Average cost per acre for each spraying, 93 cents. — 
Average net profit per acre, $24.86. 


SUMMARY OF BUSINESS EXPERIMENTS IN 1903 °° 


Total area sprayed in six experiments, 61 1-6 acres. 
Average increase in yield per acre, 57—bushels. ° 
Average total cost of spraying per acre, $4.98. 

Average cost per acre for each spraying, $1.07. 
Average net profit per acre, $23.47. 


VOLUNTEER EXPERIMENTS. 


In one way or another the writers have learned of a consider- 
able number of farmers who sprayed potatoes in 1904 and left a 
portion of the field unsprayed. These farmers were requested to 
measure the yield on sprayed and unsprayed rows and report the 
results to the Station together with an account of the method of 
spraying and other data pertaining to the experiment. About 
fifty reports were received, but a few of them were incomplete 
on some essential point. Forty-one are considered worthy of 
publication. Some of these experiments appear to have been 
very carefully conducted, while some others have been managed 
and reported somewhat carelessly. However, in every case, the 
figures given as the increase in yield due to spraying are based 
upon actual weight or measurement. No estimates are included. 

These experiments are called “ volunteer experiments ” because 
the Station had nothing to do with them. They were planned 
and carried out entirely by the farmers themselves. The credit 
for them belongs to the farmers, not to the Station, and the 
writers wish here to thank all the gentlemen who have so kindly 
contributed information in regard to their experiments. Like- 
wise, the blame for any inaccuracy in the published reports is 


the number of acres in each experiment. Computed by the second method 
the average increase in yield is 70+ bushels per acre. Likewise the average 
cost of spraying and the average net profit have been computed by the first 
method. 

It will be observed that these figures differ from those published in 
Bulletin 241, p. 283. This is in consequence of using a different method of 
computation as explained in the previous footnote. The figures given here 
have been obtained by the first method while those given in Bulletin 241 
were obtained by the second method. In future bulletins the first method 
only will be used. 
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chargeable to those who conducted the experiments. In compil- 
ing the reports care has been taken to state the facts exactly as 
they were given to us. Moreover, each report was submitted, 
before publication, to the farmer furnishing it, for criticism and 
correction. 

It is to be regretted that lack of space necessitates such close 
condensation of the reports as to make them tedious reading. 
In some cases it has been necessary to omit matter of considerable 
interest. The experiments are designated by numbers and taken 
up in the order of their location, commencing with those in the | 
western part of the State and working east to Albany, after which 
come those located on Long Island. 

| EXPERIMENT NO. 1. 

Sonducted by George A. Kirkland, Dewittville, Chautauqua 
County. Two and three-fourths acres of potatoes, variety Light- 
ning Express, were sprayed five times (July 6, 16, 30, August 
15 and 29), with a one-horse, home-made rig covering two rows 
at each passage with two Vermorel nozzles per row. The pump 
used with an Eclipse No. 5 barrel spray pump. One man did 
both the pumping and the driving. The cost of materials for 
Spraying was as follows: 


150 pounds copper sulphate, at 634¢.............06. $10 12 
ieharrel limersicess oo. eb. Tice eh eee tee Moe 90 
OU a sais Gig w iese's pois atk ds del a. aketisiai Shab oe cic ea ae $11 02 


No record was kept of the labor. 

Two rows 40 rods long, 3 feet apart, were left unsprayed. 
On September 3 these rows were entirely dead while the sprayed 
rows still had 75 per ct. of their foliage. The two unsprayed 
rows yielded 1634 bushels or at the rate of 18414 bushels per acre, 
while two sprayed rows adjacent yielded 1914 bushels or at the 
rate of 211%4 bushels per acre which is a gain of 2714 bushels per 
acre.*’ There was no rot on the sprayed and only a little on the 
unsprayed rows. : : 

Another portion of the same field was planted with Churchill 
Seedling, some rows of which were sprayed five times as above 


— 





“Unless otherwise stated, only marketable tubers are considered in these 
experiments, 
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while other rows were double-sprayed each time. <A double- 
sprayed row outyielded an adjacent single-sprayed row by 66 
bushels per acre, showing the importance of thorough spraying. 
This also tends to show, in the opinion of Mr. Kirkland, that, 
usually, less marked results are to be expected from spraying on 
early varieties than on late varieties, Lightning Express being 
an early, and Churchill Seedling a very late, variety. 
Market price of potatoes at digging time, 50 to 55 cents. 


EXPERIMENT NO. 2. 


Conducted by. F. T. Ransom of “ Beaver Lodge,” Ransomville, 
Niagara County. Twenty acres of potatoes were sprayed four 
times with a one-horse, home-made outfit operated by one man, 
‘spraying four rows at each passage with one nozzle per row. 
About fifteen acres constituted a day’s work. The items of 
expense were as follows: 


Me A LOT INIATI CATO. SLOPSC« cieyes: pia «sjek ow pede o gute oldeld sieve $8 40 
140 pounds copper sulphate at 4c..................4.. 5 60 
© PLLA ELST TE [chs oh tn PE ater aN Ai a a PR A os eh 1 00 
EMIS CDariS Se OPCON ES inc haute > dik hie doopi pe Ven norte 11 20 

Ta Wtetet Sitery, . aa etel. ah Ce Ree a Pat: $26 30 
Sor ver acrertor each Spraying eae L Oley oe ey ae $0 33 


An unsprayed row 600 feet long, 30 inches wide, yielded 414 
bushels or at a rate of 1302 bushels per acre, while a sprayed 
row of the same length vielded 534 bushels or at the rate of 
167 bushels per acre, which makes the gain due to spraying 364 
bushels per acre. The test rows were of the variety Early 
Sunrise. 

The unsprayed rows were treated with paris green for bugs. 
They were affected by blight much earlier and more severely 
than were the sprayed rows. There was scarcely any rot on 
those sprayed; but on the unsprayed rows a little rot in some 
places. 

For about three days after digging was begun potatoes sold 
in Buffalo and Niagara Falls at 85 cents per bushel, but the 
price soon dropped to 50 cents. 

10 
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EXPERIMENT NO. 38. 


Conducted by W. H. Grinnell, Albion. About two acres of 
potatoes, variety Sir Walter Raleigh, were sprayed four times 
with a two-horse outfit consisting of a barrel spray pump 
mounted on a two-wheeled cart with nozzles so arranged as to 
cover three rows at a time with three nozzles per row. One 
man drives while another works the pump. The total expense of 
spraying, including both labor and materials, was about $12. 

One row 1414 rods long was left unsprayed. The bugs were 
kept off this row by hand picking so that they did but little 
damage. The yield was 62 pounds of marketable tubers and 
38 pounds of culls. A sprayed row 20 feet distant yielded 144 
pounds of marketable tubers and 32 pounds of culls. Thus 
the yield was at the rate of 6234 bushels per acre for the 
unsprayed and 14534 bushels per acre for the sprayed making 
a gain of 83 bushels per acre or 133 per ct. in favor of spraying. 
Mr. Grinnell thinks that the increased yield ‘on the sprayed 
rows was chiefly due to their having been protected against 
flea-beetles which caused much havoe on the unsprayed row. 
The unsprayed row also blighted considerably more than the 
sprayed, but there was no rot on either sprayed or unsprayed. 
Price of potatoes at digging time, 60 cents. 


EXPERIMENT NO. 4. 


Conducted by ©. W. Driggs, Elba, Genesee County. Ten 
acres of potatoes (Carman No. 3 and Rural New Yorker No. 2 
mixed) were sprayed four times with a two-horse, four-row 
sprayer pump by hand.. There was but one nozzle over each 
row. Generally, the outfit was operated by one man. In the 
last two sprayings the plants were sprayed twice In opposite 
directions, that is, double-sprayed. | 

Three rows 40 rods long were left unsprayed in a 4-acre field. 
One of these rows yielded 5 bushels (marketable and culls 
together) while an adjacent sprayed row yielded 6 bushels, the 
difference being at the rate of 22 bushels per acre—110 bushels 
per acre for the unsprayed and 182 bushels for the sprayed. 
The unsprayed rows died about ten days before the sprayed 
rows were killed by frost. There was very little rot anywhere 
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on sprayed or unsprayed rows. ‘The unsprayed rows were 
slightly injured by bugs. 

In another field of six acres two rows were sprayed about 
twice as much as the others, that is, 10 or 12 times, yet they 
blighted just as soon and there seemed to be no difference in 
yield. Mr. Driggs states that spraying seemed to have but lit- 
tle effect on blight at Elba the past season. Unsprayed fields 
generally appeared as good as sprayed ones. Market price of 
potatoes at digging time, 40 cents. 


EXPERIMENT NO. 5. 


Conducted by M. F. French, Gainesville, Wyoming County. 
One field of 64 acres, variety White Giant, and another of five 
acres, variety Sir Walter Raleigh. Both fields were sprayed 
five times with a two-horse, home-made outfit carrying an Em- 
pire King barrel spray pump and rigged to spray four rows at 
a time with one nozzle per row. A man did the pumping and 
a boy the driving. The total cost of spraying 1144 acres was 
$36.40, including labor, chemicals, paris green and wear on 
sprayer. 

In the 614-acre field, four rows 60 rods long, 34 inches apart, 
were left unsprayed. These four rows yielded 88 bushels, or at 
the rate of 146 bushels 52 pounds per acre, while four sprayed 
rows adjacent yielded 50 bushels, or 193 bushels 15 pounds per 
acre, making a difference of 46 bushels 23 pounds per acre in 
favor of spraying. 

In the 5-acre field, four rows 52 rods long were left unsprayed. 
They averaged 5 bushels per row or 89 bushels 36 pounds per acre, 
while four sprayed rows adjacent averaged eight bushels per row 
or 143 bushels 21 pounds per acre, making a difference of 5334 
bushels per acre in favor of spraying. 

Averaging the results in the two experiments there is a gain 
of 50 bushels 4 pounds per acre due to spraying. 

We had an opportunity to examine these experiments Sep- 
tember 1. In the 614-acre field the unsprayed rows were already 
half dead, while the sprayed rows were scarcely injured by blight. 
The sprayed plants outlived those unsprayed about two weeks. 
In the five-acre field, also, there was considerable difference - 
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between the sprayed and unsprayed rows, but the contrast was 
not aS marked as in the other field. Here, there was much 
blight among the sprayed plants as wel as the unsprayed. 

In both fields the unsprayed rows were thoroughly treated four 
times with paris green by means of a powder gun so there 
was no damage by bugs. There was only a little rot, but there 
seemed to be quite as much on the sprayed rows as on those 
unspraved. Price of potatoes, 45 cents. 


EXPERIMENT NO. 6. 


Conducted by ©. W. Dusen, Gainesville. In a field of fifteen 
acres of potatoes, variety White Giant, different portions were 
sprayed two, three, four and five times respectively, and four rows 
80 rods long, 382 inches apart, left unsprayed. The spraying was 
done with an outfit similar to the one used in Experiment 
No. 5. | 

The yields were as follows: 

Four rows not sprayed, 4314 bu. or 134 bu. 31 Ibs. per acre. 

Four rows sprayed twice, 56 bu. or 173 bu. 11 lbs. per acre. 

Four rows sprayed three times, 68 bu. or 210 bu. 17 Ibs. per acre. 

Four rows sprayed four times, 78 bu. or 241 bu. 18 lbs. per acre. 

Four rows sprayed five times, 92 bu. or 284 bu. 31 Ibs. per acre. 

The difference of 38 2-3 bushels per acre between unsprayed 
rows and rows sprayed twice may be fairly considered due to 
spraying ‘since the twice-sprayed rows were adjacent to the un- 
sprayed rows; Jikewise, the gain of 75 bushels 46 pounds per acre 
in favor of three sprayings may be justly attributed to the spray- 
ing since these rows adjoined the unsprayed rows on the other 
side. But the rows sprayed four times were at considerable dis- 
tance from the unsprayed rows and so cannot be closely com- 
pared with them. Neither can the five-sprayed rows, for they 
were still farther away and on soil which had been fertilized more 
heavily. However, it is probable that the greater part of the 
large increase in yield on these rows is due to the spraying. 

Market price of potatoes at digging time, 45 cents per bushel. 

; EXPERIMENT .NO. 7. 

Conducted by L. H. Taylor, Hardys, Wyoming County. Five 
acres of potatoes, Carman No. 3, sprayed four times with an 
Empire King barrel spray pump mounted on a two-wheeled, one- 
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horse cart rigged to spray four rows at a time with one nozzle 
per row. One man did both pumping and driving. The dates of 
spraying were July 13, 23, August 12 and 23. ‘The expense was 
$5.12 for copper sulphate and prepared lime besides about two 
days’ work for one man and horse. 

Five rows 75 rods long, 34 inches apart, were left unsprayed. 
These rows yielded 46 bushels of marketable tubers and 71% 
bushels small ones. Five sprayed rows (three on one side of the 
unsprayed and two on the other) yielded 67 bushels marketable 
tubers and 614 bushels small ones. These yields are at the rate of 
114 bushels per acre for the unsprayed and 166 bushels for the 
sprayed, making a gain of 52 bushels per acre in favor of spray- 
ing. 

The unsprayed rows commenced to blight August 20 and all 
died in a short time. The sprayed rows did not show much blight 
until September 15 and were still quite green when killed by 
frost September 22. The contrast in appearance between sprayed 
and unsprayed rows was very marked. There was very little rot. 
The unsprayed rows were not injured by bugs. Price of potatoes, 
40 cents. 

EXPERIMENT NO. 8. 

Conducted by L. J. Wilson, Castile, Wyoming County. Hight 
acres of potatoes, planted June 14, were sprayed four times with 
an Empire King barrel spray pump mounted in a fifty-gallon cask 
on a one-horse, two-wheeled cart so rigged as to cover four rows 
at each passage with one nozzle per row. Three rows 41% rods 
long, three feet apart, were left unsprayed. 

The middle unsprayed row yielded 3888 Ibs. or at the rate of 
139 bu. 21 lbs. per acre while the second sprayed row on one 
side yielded 461 Ibs. or 165 bu. 34 Ibs. per acre. Therefore, 
spraying increased the yield by 26 bu. 13: lbs. per acre. There 
was no rot worth mentioning on the sprayed or unsprayed rows. 
The benefit of spraying would have been more marked had the 
potatoes been planted earlier or frost come later. As it was, the 
sprayed plants were in full foliage when killed by frost September 
22. The unsprayed rows were pronounced dead from blight 
about two days earlier. This was Mr. Wilson’s first experience 
spraying potatoes. . 

Market price of potatoes at digging time, 45 cents per bushel. 
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EXPERIMENT NO. 9. 

Conducted by Thomas Beaumont, Castile. Eleven acres of 
potatoes, Rural New Yorker No. 2, were sprayed five times with 
the same kind of an outfit as that used in Experiment No. 8. 
It was operated by two men, one to drive and one to pump. 
Four rows 50 rods long, 33 inches apart, were left unsprayed for 
a check. The copper sulphate used cost six dollars and the lime 
one dollar. 

One of the unsprayed rows yielded 420 pounds, which is at the 
rate of 18384 bushels per acre; while a sprayed row, only one 
row distant from the unsprayed row, yielded 496 pounds or 158 
bushels per acre. This shows that spraying increased the yield 
at the rate of 2414 bushels per acre. There was no rot. 

Although not injured by bugs, the unsprayed rows died about 
two weeks before the sprayed rows (still in full foliage) were 
killed by frost. No poison was used on either sprayed or un- 
sprayed plants. Owing to continued wet weather in the spring, 
planting was delayed until June 15. Had the sprayed plants been 
able to complete their growth the increase in yield due to spray- 
ing would certainly have been greater. Mr. Beaumont had never 
sprayed potatoes before. 

Market price of potatoes at digging time, 45 cents. 


EXPERIMENT NO. 10. 


Conducted by S. H. Cridler, Hornellsville. Nine and one- 
fourth acres of potatoes, variety Carman No. 3, were sprayed three 
times with an Aspinwall automatic four-row sprayer commenc- 
ing about July 10 and repeating at intervals of two weeks. Four 
rows, 40 rods along, 34 inches apart, through the center of the 
field, were left unsprayed. The total cost of spraying was $1.52 
per acre, including labor.’ 

One unsprayed row yielded 11 bushels or 256 bushels 18 pounds 
' per acre, while a sprayed row nearby yielded 12 bushels or 279 
bushels 36 pounds per acre, making the gain due to spraying 2314 
bushels per acre. There was no trouble from bugs or rot. Mr. 
Cridler’s average yield was 230) bushels per acre. 

These potatoes were planted May 20, yet when frost came they 
were as green as ever except the four unsprayed rows which were 
partly dead and in some places entirely dead. The sprayed plants 
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were darker green and more vigorous than the unsprayed. As 
in the two previous experiments the gain from spraying was 
lessened by the frost. 

Mr. Cridler expresses the opinion that it pays to spray pota- 
toes, the oftener the better. 

The market price of potatoes at digging time was 40 cents per 
bushel. 

EXPERIMENT NO. 11. 

Conducted by J. E. Schenck, Jasper, Steuben County. Two 
and one-fourth acres of potatoes, variety Sir Walter Raleigh, 
were sprayed four times with a four-gallon compressed-air sprayer. 
One row 50 rods long was left unsprayed. 

The unsprayed row yielded 7 bushels, which is at the rate of 
126 bushels per acre; while the sprayed row next to it yielded 
9 bushels, or at the rate of 162 bushels per acre, making a differ- 
ence of 36 bushels per acre in favor of spraying. There was no 
rot of importance even on the unsprayed rows and there was no 
damage by bugs. 

The unsprayed row had just begun to show the effects of 
blight when the plants were killed by the early frost of Sep- 
tember 22. The fourth spraying was made only five days before 
this frost, consequently could not have done any good. The 
increased yield on the sprayed row should be credited to three 
Ssprayings instead of four. 

Price of potatoes at digging time, 35 cents. 


EXPERIMENT No. 12. 


Conducted by M. C. Hollenbeck, Jasper. About two acres of 
potatoes were sprayed once with a five-gallon compressed-air 
sprayer. Two rows 27 rods long, three feet apart, were left 
unsprayed for comparison. At digging time the two unsprayed 
rows yielded 12 bushels, or at the rate of 195 bushels 32 pounds 
per acre, while two sprayed rows nearby yielded 14 bushels, or at 
the rate of 228 bushels 8 pounds per acre. Therefore, the gain 
due to spraying was at the rate of 32 bushels 86 pounds per 
acre. 

As the potatoes were late-planted they were still growing 
when frost came on September 22. Although the unsprayed rows 
were not injured by bugs they were much inferior to the sprayed 
rows in appearance of the foliage. There was but little rot. 
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The market price of potatoes at digging-time was 35 cents per 

bushel. | 
EXPERIMENT NO. 13. 

Conducted by C. Zimmerman, Adams Basin, Monroe County. 
Five acres of potatoes, variety Carman No. 3, were double- 
sprayed four times with a New Victor two-horse potato sprayer 
covering five rows at a time with one nozzle per row. About 
2,000 gallons of bordeaux were used and the total expense of the 
spraying was $35.90, the items being as follows: 


40 pounds copper sulphate at 6 cents................ $14 40 
TUES Sets eh os woe ae Santee Pog Cetew ew oad eae pee ane eee 90 
40 pounds paris green at 14 cents ................-. 5 60 
4 days’ labor, man and team, at $3.75 ............. 15 00 

Miata ae rats ans, SRE RET eer ove ae eee chee area eae $35 90 
Total. cost Of spraying per Aeresv ya ce. eee $7 18 


Five rows 34 rods long were left unsprayed. Two of these 
rows yielded 15 1-8 bushels or at the rate of 198 bushels 25 
pounds per acre, while two sprayed rows nearby yielded 18 2-3 
bushels or at the’ rate of 241 bushels 33 pounds per acre, mak- 
ing the gain from spraying 43 bushels 8 pounds per acre. 

The unsprayed rows blighted about a month earlier than the 
_ sprayed. The loss from rot was practically the same on the 
sprayed and .unsprayed rows, being estimated at 2 per ct. in 
each case. The unsprayed rows were not injured by bugs. 

Market prices of potatoes, 50 cents. 


EXPERIMENT NO. 14. 


Conducted by Rufus <A. Babcock, Spencerport,, Monroe 
County. Eighteen acres of potatoes, variety Dooley, were 
sprayed five times with a one-horse home-made rig carrying 
a Deming barrel spray pump and rigged to spray four rows 
at a time with one nozzle per row. It was operated by one 
man who could spray the entire 18 acres in one day. The items 
of expense were as follows: | 


305 pounds copper sulphate at 6 cents............... $18 30 
POS POUNUA HOLS Ste baie uh cot em Reg eeAPEC IAS 4 60. 
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o0 pounds paris ereen ati 18h Ct8.\y. cide serve sivecd eee s $5 50 
5 days’ labor for man and horse at $2.25............. 1t 25 
WY CAR OD SPLB VET. 42.155 5 sh0.0 viel 5's Dole tee ee eee ape 3 00 

1 Sala ae te 2 eata a abaya eee Bat hint Mie foal at ellie yan $42 65 





There were left unsprayed 12 short rows having an area of 42 
square rods, or a little more than one-fourth acre. These rows 
yielded 35 bushels of marketable tubers and 6 bushels of small 
and rotten ones. Twelve sprayed rows of the same length, and 
adjacent, yielded 43 bushels marketable tubers and 2 bushels 
small ones. These vields are at the rate of 1334 bushels per 
acre for the unsprayed and 1635-6 bushels for the sprayed, 
making a difference of 3014 bushels per acre in favor of spray- 
ing. ; 

The unsprayed rows were not injured by bugs but they were 
dead before frost came while the rest of the field was quite 
green when killed by frost September 22. A good many rotten 
tubers were found on the unsprayed rows but none on the 
sprayed. Mr. Babcock sold a large part of his crop for seed at 
50 cents per bushel. 


EXPERIMENT NO. 15. 


Frank Dobson of Charlotte, seven miles. north of Rochester, 
sprayed 41% acres of potatoes in two lots. A part of the pota- 
toes were in an apple orchard where three rows were left 
unsprayed. The others were in a young raspberry plantation, 
the raspberries being in rows five feet apart with potatoes 
planted between. In this case one row was left unsprayed. In 
the orchard the variety of potato was Michigan Snowflake, 
planted June 16; in the raspberry plantation, Rural New Yorker 
No. 2, planted June 20. 

The spraying was done with a home-made rig consisting of a 
one-horse two-wheeled cart, a fifty-gallon barrel with a Planet 
double-acting spray pump and two leads of hose.“ Three men 
were required to operate it—one on the cart to pump and drive 
and two others_on the ground to direct the spray nozzles. The 
dates of spraying were August 11, 23 and September 2. 


8 An illustration of Mr. Dobson’s outfit is shown in Bulletin 241 of this 
Station, Plate IX. 


if 
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In the orchard the yields were as follows: 

120 hills sprayed, 176 lbs., equal to 170 bu. 22 Ibs. per acre. | 
120 hills unsprayed,*® 116 Ibs., equal to 112 bu. 17 Ibs. per acre. 
Gain from spraying, 60 Ibs., equal to 58 bu. 5 Ibs. per acre. 

In the raspberry plantation the yields was as follows: 


100 hills sprayed, 175 lbs., equal to 188 bu. 18 Ibs. per acre. 
100 hills unsprayed, 123 lbs., equal to 132 bu. 17 lbs. per acre. 


Gain from spraying, 52 lbs., equal to 55 bu. 56 Ibs. per acre. 


Averaging the results obtained in the two experiments the 
gain due to spraying is 57 bushels per acre. 

In the raspberry plantation, blight was kept completely under 
control, but in the orchard there was some blight among the 
sprayed plants. Nevertheless, the sprayed plants here outlived 
the unsprayed by more than two weeks and the difference would 
have been still greater had not the sprayed plants been killed by 
frost. The unsprayed rows were not injured by bugs, and 
there was but little rot anywhere. 

Mr. Dobson believes that the secret of success in spraying 
potatoes is in commencing before the blight appears and doing 
the work thoroughly. 

The market price of potatoes at digging time was 65 cents. 


EXPERIMENT No. 16. 


Conducted by D. S. Norris, West Rush, 12 miles south of 
Rochester. Four and one-half acres of potatoes, Carman No. 3, 
were sprayed eight times using in all 29 barrels, of bordeaux 
mixture. The dates of spraying were July 16, 25, 29, August 
6, 13, 17, 27, and September 3. In the center of the field four 
rows 8114 rods long, three feet apart, were left unsprayed. 

The spraying was done with a home-made outfit covering four 
rows at a time with one Vermorel nozzle per row. The wheels 
were taken from an old grain drill; pitman and crank from an 
old binder; pressure gauge, relief valve, sprockets and chain 
purchased for the purpose. All the parts together, excepting 
the pump, did not cost to exceed $10. The pump was an E.°C. 





In the orchard, the test hills were taken from the middle unsprayed row 
and the second sprayed row; in the raspberry plantation, from adjacent rows 
separated by a row of raspberries. 


New York AGricuuTuRAL EXPERIMENT STATION. 155 


Brown Siphonette purchased for use in the orchard. The 
sprayer was run at a pressure of 50 to 75 pounds. 

The soil being rich and well cultivated the vines grew very 
rank. Consequently, blight was severe. On August 6 the 
unsprayed rows were showing signs of blight and by August 27 
they were entirely dead. On the latter date the whole field was 
showing some blight but the unsprayed rows were in so much 
worse condition than the sprayed that from a distance it looked 
as if there was a road across the field. (See Plate XIV, fig 1.) 

The four unsprayed rows yielded 15 bushels of marketable 
tubers and 5 bushels of small ones; while the four sprayed rows 
next to them yielded 40 bushels of marketable tubers, 3 bushels 
of small ones and 2 bushels of sunburned tubers. These yields 
are at the rate of 270 bushels 54 pounds per acre for the 
sprayed plants and 7414 bushels for those unsprayed, making 
the gain due to spraying 196 bushels 24 pounds of market«ble 
tubers per acre. In reality the gain was greater than this. The 
two bushels of sunburned tubers were of marketable size and 
should be credited to the sprayed rows because it was no fault 
of the spraying that they were sunburned. The potatoes had 
been planted shallow and no hilling done. If we class the sun- 
burned tubers as marketable the gain due to spraying was at 
the rate of 10 bushels per acre. With the exception of the 
ten-year experiment at Geneva, where the gain was at the rate 
of 233 bushels per acre (See page 100), no other experiment 
in 1904 gave as large returns for spraying. There is good 
reason to believe that practically all the increased yield on the 
sprayed rows was due to spraying. Bugs propably injured 
the unsprayed rows slightly more than the sprayed, but if so 
the difference must be credited to the bordeaux as no poison 
was used on either the sprayed or unsprayed. There was but 
little rot on either the sprayed or unsprayed rows: 

The items of expense were as follows: 


158 pounds copper sulphate at 61% cents.............. $10 27 
RE Sree ess NRE SALT oi nto: = o> gow aR eres areata CEN 1 00 
41 hours labor for man and horse at 25 cents.......... 10 25 
EMMERICH VO ee Te icee a ee fais sts tls. e t'sba chocatete se ert > 2 00 

UMeieig? 2a ies ss 7 cee aU hee Oe eae an ae a $23 52 


Price of potatoes at digging time, 40 to 45 cents. 
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EXPERIMENT NO. 17. 


Conducted ‘by T. E. Martin, West Rush. In a field of 18 
acres of potatoes, variety Sir Walter Raleigh, 17 acres were 
sprayed and one acre (18 rows), about the center of the field, left 
unsprayed. Between July 11 and September 20 the sprayed por- 
tion of the field received frequent light applications*® of bordeaux, 
the total quantity used being 178 barrels. The sprayer used 
was a one-horse, six-row, homemade outfit,*’ the same one used 
by Mr. Martin in his experiment in 1903. (See Bulletin 241, p. 
279 and Plate VIII.) 

The items of expense were as follows: 


900 pounds copper sulphate at 534 cents (less 1% dis- 





COUNL TON CAB) © sy pesieyeip’ RG * cahoartinny sey Segre ees ema $51 23 
140 pounds copper sulphate at 6 cents.............20. 8 40 
Freight on 140 pounds copper sulphate................ 40 
50 pounds paris green at' 15 cents (less 1% discount for 

ASLBD Lbs had Ps BAL a A tha teen eae ea 9 Set ko Se cele 7 43 
‘T-bushels imejat.25 cen tag aie als eins ty work bi ols eed ee 2 75 
15 days labor for man and horse at $3................ 45 00 
Wear on sprayer, repairs, etc............6.. ve idtepuiteeh oehatas 15 00 

MICE ose pe ins! oats eh Tales» i nangaers camelinieetakic a: ate Rha $180 21 - 
LTotal-cost of spraying per acteuc: wey. shes. day Slade $7 66 


The 17 acres sprayed yielded 4,875 bushels of marketable 
potatoes, or at the rate of 287 bushels per acre, while the un- 
Sprayed acre yielded only 225 bushels, making the gain due to 
spraying 62 bushels per acre. The greater part of the crop was 
sold at digging time or soon after at prices ranging from 40 to - 
50 cents per bushel. 

The writers visited this experiment twice. On September 9 
the contrast between sprayed and unsprayed areas was marked. 
There was no evidence that the unsprayed rows had been injured 
by bugs. Early blight was plentiful on the unsprayed, and this 
seems to have been the chief enemy, although it is likely that 
late blight, too, caused considerable injury during August. 


“The exact number of sprayings cannot be stated. 
“With one Bordeaux nozzle over each row. 
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On September 22 the plants on the unsprayed acre were all 
dead except for small tufts of green leaves on a few plants at the 
north end of the field. The sprayed plants still retained a large 
part of their foliage, but they were showing old age** and were 
somewhat injured by early blight. This latter fact is noteworthy 
because the spraying in this experiment was of the most thorough 
“kind and should have controlled early blight absolutely were it 
possible to do so. Plate XIV, fig. 2, shows the condition of the 
field on September 22. The plants were killed by frost on the 
. following night. 
_ Notwithstanding the large number of sprayings in this experi- 
ment, the actual expense was not large, being only $7.66 per acre. 
At 4214 cents per bushel for potatoes pee was a net profit of 
$18.69 per acre on the operation. 
Mr. Martin has practiced spraying potatoes for several years 
past and is convinced that it is profitable. 


EXPERIMENT No. 18. 


Conducted by John Dell, East Rush. Twelve acres of potatoes, 
variety Rural New Yorker No. 2, were sprayed four times, with 
six rows 870 feet long, 34 inches apart, left unsprayed for a 
check. 

The spraying was done by a hired operator and machine, at 45 
cents per acre for each application, or $1.80 per acre for the four 
applications. This includes both labor and chemicals. The 
sprayer used was a one-horse automatic Hudson sprayer, which 
sprays six rows at each passage with one nozzle per row. 

The middle four unsprayed rows yielded 31 bushels, or at the 
rate of 136 bushels 38 pounds per acre; while four sprayed rows 
separated from them only by one sprayed and one unsprayed row, 
yielded 39 bushels, or at the rate of 172 bushels 17 pounds per 
acre. Thus the gain due to spraying was 35% bushels per acre. 

Neither sprayed nor unsprayed rows were injured by bugs. 
In each 100 bushels there were about three bushels of rotten 
tubers. The unsprayed rows died about three weeks earlier than 
the sprayed, making a very striking contrast. Price of potatoes 
in Rochester at digging time, 65 cents per bushel. 


“The potatoes were planted May 18. 
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EXPERIMENT No. 19. 


Conducted by George ©. Schoen, Pittsford. Fifteen acres of 
potatoes, variety Peerless Junior, were sprayed four times with 
an automatic, one-horse sprayer called the “New Model Aroos- 
took Six-Row Sprayer.” It carries one nozzle per row. Three 
rows 70 rods long, 35 inches apart, were left unsprayed. The 
total expense for spraying materials was $1.80 per acre. 

The unsprayed rows blighted much more than those sprayed, 
making .the contrast in appearance of the foliage very marked. 
No damage was done by bugs. 

The yield of the middle unsprayed row was 11 bushels, or at | 
the rate of 142 bushels 13 pounds per acre, while the first sprayed 
row, only six feet away, yielded 18 bushels, or at the rate of 232 
bushels 44 pounds per acre. Therefore, the gain due to spraying 
was 9014 bushels per acre. The total yield of the fifteen acres 
was 3,510 bushels, or an average of 234 bushels per acre. 

The market price of potatoes at digging time was 40 cents per 
bushel. 

EXPERIMENT NO. 20. 

Conducted by Roy W. Battams, Fishers, Ontario County. 
Twenty-four acres of potatoes were sprayed, a part’ twice and 
the remainder three times. Four rows were left unsprayed. The 
sprayer used was homemade, four-row outfit, hauled by two 
horses and operated by two men—one to pump, the other to drive. 
The spray pump was a Gould’s Pomona. There was one Ver- 
morel nozzle for each row. The cost of spraying was about $1.03 
per acre each time, the items being as follows: Copper sulphate, . 
40 cents; prepared lime, 9 cents; paris green, 24 cents; and labor 
30 cents. “" 

An unsprayed row 30 rods long, 34 inches wide, yielded 714 
bushels, or at the rate of 233 bushels per acre; a twice-sprayed 
row, four rows away, yielded 814 bushels, or at the rate of 2564 
bushels per acre; and a three-sprayed row, eight rows away, 
yielded 914 bushels, or at the rate of 295 bushels per acre. That 
is to say, two sprayings increased the yield 234 bushels per acre, 
while three sprayings increased it 62 bushels per acre. The test 
rows were of the variety Pride of Britain. The third spraying, 
made August 3, seems to have been much more effective than the 
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earlier ones. Another field of eight acres given a single appli: 
cation on this date did not blight at all. 

Mr. Battams is of the opinion that one or two more sprayings 
following the third one would have been highly profitable, but at 
the time he feared that further spraying would do more harm 
than good owing to the breaking of the large vines by driving 
through them. He regards spraying as an essential factor in the 
production of large crops. 

When the unsprayed rows died the twice-sprayed rows were 
only half-dead and the three-sprayed rows were still in full foliage. 
The latter outlived the unsprayed rows by three weeks. There 
was no rot and the unsprayed rows were not injured by bugs. 
Market price of potatoes at digging time, 45 cents. 


EXPERIMENT NO, 21. 

Conducted by Charles IK. Green, Victor, Ontario County. Mr. 
Green sprayed fourteen acres of potatoes eight times between 
July 15 and September 1. The work was done with a home- 
made outfit consisting of a two-wheeled cart carrying a Spramotor 
spray pump mounted in a barrel and rigged to cover four rows 
at a time with one Vermorel nozzle per row. The outfit was 
drawn by one horse, and one man dd both pumping and 
driving. 

One acre of the potatoes was in a young pear orchard set in the 
spring of 1904. Between the rows of trees there were eight strips 
of potatoes of four rows each and these were sprayed. Potatoes 
were planted also in the rows with the trees and these were not 
sprayed. Accordingly, there were 32 sprayed rows and eight 
unsprayed rows in the orchard. 

At digging time the yield on the sprayed and unsprayed rows 
was measured. Making due allowance for space occupied by the 
trees in the unsprayed rows, the yield was at the rate of 1380 
bushels per acre, while the sprayed rows yielded at the rate of 200 
bushels per acre. Thus the gain from spraying was 70: bushels 
per acre. . 

The difference in growth was remarkable. The sprayed rows 
were finally killed by frost October 15 after having outlived the 
unsprayed rows about five weeks. There was but little rot on 
either the sprayed or unsprayed. Price of potatves, 40 cents. 
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‘EXPERIMENT NO. 22. 

H. Van Voorhis, Hopewell, Ontario County, sprayed fifteen 
acres of potatoes five times, leaving unsprayed three rows of Sir 
Walter Raleigh 45 rods long. 

The sprayer used was a two-horse, home-made outfit covering 
six rows at a time with one Vermorel nozzle per row. The pump- 
ing was done by power obtained from the wheels. 

The yield of the middle unsprayed row was 7 bushels, or at the 
rate of 136 bushels 51 pounds per acre. The first sprayed row, 
only six feet away, yielded 1014 bushels, or at the rate of 205 
bushels 16 pounds per acre. This makes the gain from spraying 
68 bushels 25 pounds per acre. 

We examined this experiment on August 23 and again on 
September 9. At the time of our first visit it was easy to pick 
out the unsprayed rows at a short distance. They had already 
lost a good many of their lower leaves from late blight while the 
sprayed rows showed only a little blight. Also the sprayed 
rows were noticeably of a darker green color. On September 9 
the unsprayed rows were nearly dead while the sprayed rows 
adjacent, although showing considerable brown foliage, were 
still in fair condition. Probably two-thirds of their foliage was 
ereen. 

The fifth spraying was made September 5 and 6 about three 
weeks after the fourth spraying. Much better results would have 
been obtained if an extra spraying had been made about August 
26. Mr. Van Vooris is convinced of the necessity of thorough 
spraying. 

- Bugs did no damage to the unsprayed rows and there was no 
rot worth mentioning on either sprayed or unsprayed. Price of 
potatoes, 40 cents. 

EXPERIMENT NO. 23. 

This experiment was made by Ed. Welch, Phelps, Ontario 
County. He sprayed five acres of potatoes, Carman No. 3, twice, 
the last application being a double one. Two rows 1006 feet long | 
were left unsprayed. ) 

The spraying was done with a two-horse, five-row Aroostook 
power sprayer, the same one used by Mr. Welch in his experi- 
ment in 1903. (See Bulletin 241, page 276.) The total expense 
of spraying was $7.30. 
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An unsprayed row yielded 1271 pounds, at the rate of 3053 
bushels per acre, while a sprayed row next to it yielded 1516 
pounds, or at the rate of 31614 bushels per acre, making a ditfer- 
ence of only 10 5-6 bushels per acre in favor of spraying. This is 
the least gain of any in the 41 volunteer experiments. The ex- 
plantation of it is that there was no blight. 

TIortunately, we had the opportunity of watching this experi- 
ment. Throughout the whole season, the plants, unsprayed as 
well as sprayed, remained entirely free from blight, but why 
this should be so is not clear. The vines grew large, completely 
covering the ground and the soil was moderately heavy, being a 
sandy loam with some gravel in it. Neither was the location 
unfavorable to blight and several other fields in the vicinity 
blighted badly. But whatever the cause it is a fact that blight 
was absent from this field. Bugs, too, were almost entirely absent 
although no poison was used. No damage was done by flea- 
‘beetles. 

By September 7 it was noticeable that the unsprayed rows 
were not as dark green in color as the sprayed rows next to them. 
This ditference in color gradually became more pronounced. 
Finally, by September 19 the unsprayed rows began to turn 
brown and die earlier than the sprayed and then the unsprayed 
rows could be easily traced clear across the field by the difference 
in color. As there seemed to be no blight it is not easy to 
explain why the unsprayed rows should die first, but such was 
the case. 

The results of this experiment tend to support the theory that 
spraying may be beneficial even when there is no blight or 
insects to fight. It appears that bordeaux mixture has a stimu- 
lating effect on potato foliage. 

The market price of potatoes at digging time was 40 cents. 


EXPERIMENT No. 24. 


Conducted by J. V. Salisbury & Sons, north of Phelps. In this 
experiment seven acres of potatoes (Rural New Yorker No. 2 
and Carman No. 3 mixed) were sprayed four times with a two- 
horse, Aroostook power sprayer covering Six rows at a time with 
one Vermorel nozzle per row. This is the same sprayer used in 
their experiments in 1903. (See Bulletin 241, pages 269 to 276, 

11 


162 REPORT OF THE BoraNICAL “DEPARTMENT OF THE 


and Plate VI.) The total expense of spraying was $21.50. Three 
rows 850 feet long were left unsprayed. 

The middle unsprayed row yielded 365 pounds or 103 bushels 
54 pounds per acre, while the second sprayed row (only two rows 
between) yielded 508 pounds or 144 bushels 37 pounds per acre, 
which makes the gain due to spraying 40 bushels 43 pounds per 
acre. 

Bugs were not troublesome. The few that appeared on the 
unsprayed rows were removed by hand picking so that they did 
no harm. On the sprayed rows they were poisoned with arsenite 
of soda applied with the bordeaux. There was no rot. The 
unsprayed rows were severely attacked by late blight and died 
from seven to ten days earlier than those sprayed. Price of 
potatoes at digging time, 40 cents. 


EXPERIMENT NO. 25. 


This experiment, also, was conducted by J. V. Salisbury & 
Sons, on their farm east of Phelps. Fifteen acres of potatoes 
were sprayed five times with the same sprayer used in Experi- 
ment No. 24. Three rows 1140 feet long were left unsprayed. 
The unsprayed rows and adjacent sprayed rows were of the 
varieties Rural New Yorker No. 2 and Carman No. 3 mixed. 
Accurate record of the expense of spraying in this field was not 
kept, but judging from accounts kept in 1903 and in Experiment 
No. 24 the expense was probably 80 cents per acre for each spray- 
ing or $60 for spraying 15 acres five times. 3 

The middle uwnsprayed row yielded 593 pounds, or at the rate 
of 125 bushels 49 pounds per acre, and the yield of the second 
sprayed row on one side of the unsprayed was 907 pounds or 192 
bushels 26 pounds per acre. Thus the gain from spraying was 
66 bushels 87 pounds per acre, or nearly 53 per ct. 

The unsprayed rows were treated once with paris green, which 
was sufficient to contro] bugs; while on the sprayed rows arsenite 
of soda was used with the bordeaux. There was no rot on sprayed 
or unspraved rows. Price of potatoes 40 cents. | 

The soil in the western part of this field was clay loam while 
in the eastern portion it was quite sandy. Consequently, blight 
was much more virulent toward the west. Here, the sprayed 
rows outlived the unsprayed by at least two weeks. Practically 
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all of the blight was late blight, Phytophthora infestans. The 
Messrs. Salisbury are enthusiastic advocates of spraying. 


s 


EXPERIMENT NO. 26.4? 


D. Lyon, of Phelps, engaged J. V. Salisbury & Sons to spray 
his ten-acre field of potatoes at $1.00 per acre for each application. 
The Messrs. Salisbury were to furnish everything and use their 
judgment as to the proper number of sprayings and the time of 
making them. Four sprayings were made, the last one gn August 
22. Therefore, the total expense of the spraying was $40. The 
spraying was done with the same outfit used in Experiments 
No. 24 and No. 25. There being very few bugs it was unnecessary 
to use any poison on either the sprayed or unsprayed plants. 

Three rows 715 feet long and of the variety Rural New Yorker 
No. 2, were left unsprayed. On August 22 late blight was already 
plentiful on the unsprayed rows and by September 7 there was a 
marked contrast between the sprayed and unsprayed rows clear 
across the field. - The foliage on the unsprayed rows was scant 
and of lighter green color than on the sprayed. On September 
19 the unsprayed rows were nearly but not quite dead throughout 
their entire length, while the sprayed rows on both sides of them 
were still in good condition. 

Asa consequence of so much difference in growth there was 
a marked difference in yield as follows: 


Middle unsprayed row, 326 lbs., or 110 bu. 18 lbs. per acre. 

Second sprayed row, 611 Ibs., or 206 bu. 43 Ibs. per acre. 

Gain from spraying, 285 ibs., or 96 bu. 25 Ibs. per acre. 

The total yield on the ten acres was 2200 bushels of marketable 
tubers or at the rate of 220 bushels per acre. Price of potatoes, 
40 cents. 

For the owner of the potatoes, the spraying was certainly very 
profitable. At a total expense of only $40 his crop was increased 
by 964 bushels worth $3885.60. 

EXPERIMENT NO. 27. 
Conducted by H. W. Hadlow, Geneva. A garden patch con- 


taining about one-fourth acre of potatoes, variety Rural New 
Yorker No. 2, was sprayed six times very thoroughly with a 


poe ee 


**Reported by J. V. Salisbury & Sons. 
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knapsack sprayer. The first spraying was made July 4 and the 
last one August 15. One row 170 feet long was left unsprayed. 

This experiment was located near the Experiment Station 
where the writers had opportunity to watch it closely. ‘There 
was a rank growth of vines which completely covered the ground 
early in the season. By August 15 only a few green leaves were 
left on the unsprayed row, all the others having been killed by 
late blight, Phytophthora imfestans. At the same time the 
sprayed rows were perfect. 

On August 23 the rows were photographed (See Plate XV). 
At this time most of the plants on the unsprayed row were not 
only dead but their stalks were dry and shriveled. Sprayed 
plants on both sides were in full foliage showing only traces of 
blight. By September 9 the sprayed plants were commencing 
to die, apparently of old age, and by September 15 were dead 
after having outlived the unsprayed plants by a whole month. 
Aside from the ten-year experiment at the Station the past sea- 
son, this experiment of Mr. Hadlow’s was the most striking 
demonstration of the value of spraying that we have ever seen. 
It should convince the most skeptical that spraying, properly 
done, will prevent blight. 

At digging time, Mr. Hadlow, assisted by the writers, weighed 
the potatoes from the unsprayed row and from the adjacent 
sprayed row on either side with the following results: 


West sprayed row, 16114 pounds of marketable tubers. 

East sprayed row, 266 pounds of marketable tubers. 

Average of sprayed rows, 21334 lbs., or 304 bu. 14 Ibs. per acre. 

Middle unsprayed row, 104 lbs., or 148 bu. 2 Ibs. per acre. ~ 

Gain from spraying, 10934 lbs., or 156 bu. 12 Ibs. per acre. 

The gain of over 100 per ct. was almost wholly due to pre- 
venting the ravages of late blight and the rot which follows it. 
There was no other disease or insect enemy of importance. The 
unsprayed rows were not injured by bugs. There appears to 
have been considerably more rot on the unsprayed row than on 
the sprayed. It was impossible to determine accurately the 
amount of rot on the unsprayed row because the affected tubers 
were in an advanced stage of decay. On the sprayed rows there 
was only an occasional rotten tuber. 
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It is not known why there was such a wide difference in yield 
between the two sprayed rows measured. The vines grew equally 
well on the two rows and gave no hint of any difference. 

The potatoes were dug in small quantities at different times 
and sold as dug at prices ranging from 40 to 75 cents, the average 
price being 50 cents per bushel. 


EXPERIMENT NO. 28. 


Conducted by F. C. & L. B. Bradley, Interlaken, Seneca County. 
About five and one-quarter acres of potatoes, Carman No. 3, 
were sprayed four times with a two-horse, home-made outfit 
consisting of ia spray pump mounted in a barrel on a two-wheeled 
cart and arranged to spray four rows at a time with one nozzle 
per row. Two men were required to operate it—one to pump 
and one to drive. The last three sprayings were double sprayings, 
that is the plants were sprayed twice each time in opposite 
directions. 

The items of expense were as follows: 


218 pounds copper sulphate at 6%c.................... $14 54 
SNe UA TD Ost Brel a et 3 is pus tc opasgs an ushers: WER a AOS a Bey 45 
1 ounce yellow prussiate of potash.................... 10 
REE CI pea bret 8. an sh eG ysiedip) ot Vine th vynik gina. ss ce Hon beese ogee 1 50 
ATOR sfOr.TwO MEN ANG TCA A ens et ce Hen hee ee awee 21 00 

BA rater MeN Fats) eyeing e che asia, Whew: of dietary. aie astrataie Sows $38 89 


One row 47% rods long was left unsprayed. This row yielded 
7# bushels, or at the rate of 144 bushels 4 pounds per acre while 
the two adjacent sprayed rows, one on either side, averaged 114 
bushels or at the rate of 206 bushels 52 pounds per acre. Thus 
the gain from spraying was 62 bushels 48 pounds per acre. 

Most of this gain is due to the prevention of the ravages of 
blight and flea-beetles, but the unsprayed row suffered somewhat 
more from bugs although poison was applied to it as many times 
as on the sprayed rows. About two-thirds of the unsprayed row 
blighted badly and turned brown while the sprayed rows adja- 
cent were dark green. There was but little rot. Price of potatoes, 
oo cents. 


166 Report oF rue BoranicAL DEPARTMENT OF THE 


This was the first experience of the Messrs. Bradley with 
spraying potatoes, but they are well pleased with the results 
and will try it again. 3 


¥ 


EXPERIMENT NO. 29. 


Conducted by George W. Brown, Berkshire, Tioga County. 
In a five-acre field of potatoes about three-fourths of an acre was 
sprayed three times with an Auto-spray compressed-air sprayer. 

Two unsprayed rows eight rods long,.383 inches apart (exactly 
gv acre), vielded 110 pounds, or at the rate of 110 bushels per 
acre; while two sprayed rows only a few rows away, of the same 
length, on the same kind of soil and same variety (Carman No. 
3), vielded 200 pounds or at the rate of 200 bushels per acre. This 
makes the gain from spraying 9() bushels per acre. The average 
yield of the unsprayed portion of the field, which was all of the 
variety Carman No. 38, was about 100 bushels per acre. Some 
sprayed rows of Green Mountain in the same field yielded at the 
rate of 300 bushels per acre. 

The unsprayed rows were not injured by bugs but they blighted 
badly. They were all dead before September 1, while the sprayed 
rows, although affected, were not entirly dead until killed by 
frost. There was about three weeks difference in growth. 

About the same amount of rot was found on the sprayed rows 
as on the unsprayed. The difference in yield was mainly due to 
the increased size of the tubers on the sprayed rows. Price of 
potatoes, 40 cents. He 


EXPERIMENT NO. 30. 


Conducted by George W. Belden, Berkshire. One-half of a 
two-acre field of potatoes, variety Carman No. 1, was sprayed 
once with a Garfield knapsack sprayer. The unsprayed half of 
the field was treated three times with paris green, which kept 
bugs well under control. 

An unsprayed row 450 feet long yielded 420 pounds, or at the 
rate of 225 bushels 49 pounds per acre, while a sprayed row 
yielded 450 pounds, or at the rate of 241 bushels 57 pounds per 
acre, making a difference of 16 bushels 8 pounds per acre in favor 
of spraying. 

The unsprayed portion of the field was killed by blight and 
the sprayed portion, also, suffered considerably. The quantity 
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of rotten tubers was estimated at 1214 bushels per acre and there 
seemed to be nearly if not quite as many on the sprayed as on 
the unsprayed. 

Mr. Belden has sprayed potatoes for a number of years past. 
Sometimes he was positive it paid, but in other seasons he was 
in doubt. 

The market price of potatoes at digging time was 40) cents per 
bushel. 

EXPERIMENT NO. 31. 

Conducted by G. G. Hitchings, South Onondaga, Onondaga 
County. Hight acres of potatoes were sprayed three times (July 
6, 24 and August 15) with a Niagara Gas sprayer set on a two- 
horse cart rigged to spray two rows at a time with three Ver- 
morel nozzles per row. The spray mixture used was made by 
the following formula: 5 pounds copper sulphate, about four 
pounds lime, 21% pounds arsenate of lead (for bugs) and 50 gal- 
Ions of water. 

In one lot containing 134 acres, six rows of the variety Mam- 
moth Whiton were sprayed only once (July 6), while the re- 
mainder were sprayed three times. Unfortunately, no rows were 
left entirely unsprayed. The six rows sprayed but once yielded 
12 bushels of marketable potatoes and 2 bushels of rotten ones, 
while six three-sprayed rows of the same variety yielded 21 
bushels of marketable potatoes with only seven rotten tubers. 
These yields are at the rate of 125 bushels 38 pounds per acre for 
the once-sprayed rows and 219 bushels 52 pounds per acre for the 
three-sprayed rows, making a difference of 94 bushels 14 pounds 
per acre for the two extra sprayings. The potatoes on the heavily- 
sprayed rows were also of better quality. Most of the crop was 
sold at prices ranging from 50 to 60 cents per bushel. 

The three-sprayed rows outlived the once-sprayed rows by 20 
days although the latter were not injured by bugs. The princi- 
pal enemies fought in this experiment were late blight and flea- 
bettles. 

In the 134-acre lot above mentioned, only one-fourth of the 
area was planted with Mammoth Whiton and the remainder 
with Rural New Yorker No. 2. The latter variety yielded much 
the better, bringing the average yield for the 134 acres up to 253 
bushels per acre. 


; 
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Mr. Hitchings is of the opinion that many farmers do not 
spray as thoroughly as they should to get good results. He 
advocates the use of about 80 pounds pressure in order to get a 
fine mist-like spray. 

EXPERIMENT NO. 32. 


Conducted by P. 8S. Doolittle, Cassville, Oneida County. He 
sprayed 714 acres of potatoes, mostly of the variety Carman No. 
3, four times with a one-horse, four-row, Aspinwall sprayer 
having one Vermorel nozzle per row. Four rows were left un- 
sprayed for a check. The total cost of spraying, including an 
allowance of $2 for wear on sprayer, was $19.50. There were so 
few bugs that no poison was used on either the sprayed or un- 
sprayed rows. 

The sprayed rows still retained about half their foliage when 
frost came, but the unsprayed rows died about four weeks before 
frost. 

On one of the unsprayed rows 72 hills three feet apart yielded 
2 bushels, or at the rate of 134 bushels 26 pounds per acre, while 
the same number of hills on the adjacent sprayed row yielded 3 
bushels, cr at the rate of 201 bushels 40 pounds per acre, making 
a gain of 67 bushels 14 pounds per acre in favor of spraying. 
There was much more rot on the unsprayed row than on the 
sprayed, the loss on the latter being only about one bushel per 
acre. On another variety, Stump the World, in the same field 
and sprayed in the same manner the loss from rot was about 50 
bushels per acre. The vines of this variety grew so very large 
that Mr. Doolittle found it impossible in the last two sprayings 
to cover all of the foliage with only one nozzle per row. More- 
over, the large growth of vines made conditions exceptionally 
favorable to blight and rot. 

Mr. Doolittle believes that spraying increased his crop by 50 
per ct. His average yield was 200 bushels per acre, while 
neighboring unsprayed fields averaged 100 to 125 bushels per acre. 

Market price of potatoes at digging time, 50 to 60 cents. 


EXPERIMENT No. 33. 


This experiment was made by J. D. Clegg, Jefferson, Schoharie 
county. About one-half acre of potatoes, variety Green Mountain, 
was sprayed three times with a small hand sprayer, the total 
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expense for labor and material being $2.60. Two rows 90 feet 
long were left unsprayed. 

The two unsprayed rows yielded 24014 pounds, or at the rate 
of 323 bushels per acre; while the two adjacent sprayed rows 
(one on either side) yielded 26014 pounds, or at the rate of 350 
bushels 13 pounds per acre, making the gain from spraying 27 
bushels 13 pounds per acre. It is believed that the difference 
in yield was entirely due to the spraying. There was no damage 
done by bugs. 

Although the tops did not blight much there were some rotten 
tubers, the quantity being somewhat greater on the unsprayed 
than on the sprayed rows. 

The market price of potatoes at digging time was 35 cents per 


bushel. 
EXPERIMENT No. 34. 


Conducted by Jay T. Buchanan, Akin, Montgomery County, 
who sprayed five acres of potatoes for himself and five acres for 
his brother. Five sprayings were made with an Aspinwall four- 
row sprayer having two nozzles per row and applying about 50 
gallons of bordeaux per acre at each spraying. 

The items of expense for spraying five acres of potatoes five 
times are as follows :** 


27 barrels bordeaux. mixture at 4414¢................ $12 O1 
6 days’ labor for man and horse at $2.25.............. 13 50 
RR TTS AE ee eR Da cian toe othe « 69-5 +k ocs' ops eRe 3 00 

Re re CMR ieee eatery hats. aia diag Gvake oth ek) si'ai dina res alesse $28 51 


In one of Mr. Buchanan’s own fields one row (Row O) 452 
feet long was left unsprayed. The adjacent row on the east 
(Row C) was sprayed five times with 50 gallons of bordeaux 
per acre each time; the second row on the east (Row D), the 
same; the adjacent row on the west (Row B) received two 50- 
gallon sprayings followed by two double or 100-gallon spray- 
ings; while the second row on the west (Row A) received two 
50-gallon sprayings followed by three double or 100-gallon spray- 


“The expense here given is only for Mr. Buchanan’s five acres. No record 
was kept of the expense of spraying on his brother’s field. 
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ings. All were of the same variety, namely, Mills Prize. The 
accompanying table shows the yield: 


Taste XII—SuHowInG YIELDS IN EXPERIMENT No. 34. 

















F : Gain per acre 

ROW. How sprayed. Yield per row.| Yield per acre. due to spraying. 
Lbs. Bu. lbs. | Bu. lbs, 

AS OF cscs Mies oe 2 (50 gals.) + 3 (100 gals.)... 545 305 WP fof ca 0 46 
verre: (orate 2 (50 gals.) + 2 (100 gals.) ... 5254 | 294 22 | 49 51 
OR ec ict e NGtsprayved.er octet caeliet 4364 | 244 31) — — 
Cre Bee et OOO alah )o7roe 5 ¢ Gea ae aie 476 266 28 | 21 67 
Dae eee (50 alse). cece earns 492 275 36 | 31 5 


There was noticeably more rot on the unsprayed row than on 
the sprayed but not much in any case. 

The results in this experiment again emphasize the importance 
of thorough spraying. It should also be noted that Row D out- 
yielded Row C sprayed in the same way. This is another exam- 
ple of the oft-observed fact that a sprayed row adjacent to an 
unsprayed row does not yield as well as the second sprayed row. 
Mr. Buchanan’s potatoes were planted June 8; consequently, 
they were still growing when frost came, September 21. Had it 
not been for the frost the gain due to spraying would have been 
considerably larger. We examined this experiment August 12 
at which time the plants were very large and there were already 
traces of late blight on unsprayed rows, but it appears that 
the disease did not work as rapidly here as in some other locali- 
lies. The attack of blight was only moderately severe. 

Another season Mr. Buchanan will plant early and spray thor- 
oughly. The market price of potatoes at digging time was 50 
to 55 cents. 

EXPERIMENT NO. 35. 

Conducted by John Jeannin, Jr., West Sand Lake, Rensselaer 
County. One acre of Green Mountain potatoes, in two plats, 
were sprayed three times with a five-gallon compressed-air 
sprayer like the one used in the Sliters Experiment (see page 
128; also Plate XVI, fig. 1). In each plat two rows 100: feet 
long were left unsprayed. The total expense of spraying was 
4.68, the items being as follows: 


97 gallons bordeaux mixture..... PEERS Sats st 1) - $0 68 
Se pounds arsenate, of lead ateZUGey ic...) ./emyenven Este 1 60 
ihshonrs lpborat Loci. om. eS belt af SRNR ees ae ade 2 40 
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In this experiment there appears to have been no late blight 
whatever, no rot, and but little, if any, early blight. The chief 
enemy was the flea-beetle which did considerable damage to the 
unsprayed rows. When we saw the experiment field on August 
12, the plants were somewhat affected with tipburn. At that 
time the sprayed rows were in but slightly better condition than 
the unsprayed, and up to the close of the season there was no 
marked contrast. The yields were as follows: 


Two sprayed rows (north plat), 161 pounds.*® 

Two sprayed rows (south plat), 188 pounds. 

Average yield per sprayed row, 8714 pounds or 211 bushels 
3 pounds per acre. 

Two unsprayed rows (north plat), 12 

Two unsprayed rows (south plat), 153 pounds. 

Average yield per unsprayed row, 70 pounds or 169 bushels 24 
pounds per acre. 

Average gain due to spraying, 41 bushels 45 pounds per acre. 

Market price of potatoes at digging time, 50 cents per bushel. 


T 


pounds, 


EXPERIMENT NO. 36. 


Conducted by J. H. Beadle, Washington County. Three rows 
across a ten-acre field were sprayed three times with an Auto- 
Spray compressed-air sprayer. (Plate XVI, fig. 2.) The pota- 
toes were of the variety World’s Fair. 

There was not much difference in appearance between the 
sprayed and unsprayed rows until about September 12 when the 
unsprayed rows suddenly blighted and died while the sprayed 
rows continued green until killed by frost September 22. 

Owing to the pressure of farm work Mr. Beadle was unable to 
compare the yield of sprayed and unsprayed rows as carefully as 
he wished. However, he did weigh the tubers from 25 sprayed 
hills three feet apart, and also those from 25 unsprayed hills in 
an adjacent row, with the following results: 


Twenty-five sprayed hills, 92 pounds or at the rate of 296 
bushels 51 pounds per acre. 

Twenty-five unsprayed hills, 77-pounds or at the rate of 248 
bushels 27 pounds per acre. 

Gain due to spraying, 48 bushels 24 pounds per acre. 


—_— —_ -——— 





“On both plats the sprayed rows measured were next to the unsprayed 
rows. 
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In the 25 unsprayed hills there were 3 pounds of rotten tubers, 
but none whatever in the sprayed hills. The unsprayed rows 
were not injured by bugs. Market price of potatoes at digging 
time, 90 cents per barrel or 30 cents per bushel. 


EXPERIMENT NO. 387. 


Conducted by D. Lewis Downs, Baiting Hollow, Long Island. 
Thirty-five acres of potatoes, variety Green Mountain, were 
sprayed four times, eight rows six times and 25 rows 49 rods 
long, 384 inches apart, left unsprayed except that they were treated 
twice with poison for bugs. 

The spraying was done with a one-horse Watson sprayer cover- 
ing four rows at a time with one nozzle per row. The total 
expense of spraying, including all labor, chemicals, paris green 
and wear on sprayer was $3.80 per acre or 95 cents per acre for 
each spraying. Mr. Downs thinks that with experience he can 
reduce this somewhat. 

The yields were as follows: 


Hight rows sprayed six times, 105 bushels or at the rate of 249 
bushels 85 pounds per acre. 

Hight rows sprayed four times, 101 bushels or at the rate of 240 
bushels 4 pounds per acre. 

Hight rows unsprayed, 83 5-6 bushels or at the rate of 199 
bushels 16 pounds per acre. 


Thus the gain from four sprayings was 4034 bushels per acre 
and from six sprayings 501-3 bushels. 

As the test rows were dug the potatoes were hauled directly to 
the railroad station where they were weighed and sold. Accord- 
ingly, the yields given above are based on actual selling weight. 
The eight six-sprayed rows measured were separated from the 
eight unsprayed rows by only two rows, while the eight rows 
sprayed four times adjoined the six-sprayed' rows and were about 
28 feet from the unsprayed rows. There was not much rot on 
the sprayed rows, but the unsprayed rotted badly. 

When digging was commenced potatoes sold for 40 cents 
per bushel, but by the time it was finished the price had risen to 
60 cents. 

EXPERIMENT No. 88. 


Conducted by F. N. Moseley, Riverhead, Long Island. In a 
field of eleven acres of potatoes about nine acres were sprayed 
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six times with a one-horse, Watson sprayer covering four rows 
at a time with one nozzle per row. The remaining two acres 
were not sprayed. 

We examined this experiment at the time of the fifth spray- 
- ing, August 8. On the unsprayed portion of the field, flea-beetles, 
early blight and late blight were all abundant and it was plain 
that they would soon ruin the plants. At the same time the 
sprayed portion of the field was in fairly good condition although 
infested to a considerable extent by all three enemies above 
mentioned. The plants were so large that they covered the 
ground completely, making it impossible to do a thorough job 
of spraying with but one nozzle per row. | 

One of the writers was present when the test rows were dug 
and assisted with the weighing. A sprayed row 3714 rods long 
yielded 832 pounds of marketable tubers or at the rate of 32514 
bushels per acre; while an unsprayed row 3814 rods long yielded 
52614 pounds or at the rate of 20014 bushels per acre, making 
a difference of 125 bushels per acre in favor of spraying. How- 
ever, it may be that all of this difference was not due to spraying. 
Although the sprayed and unsprayed rows were on the same kind 
of soil and seemed to have an equal chance in all respects save 
the matter of spraying, they can not be closely compared because 
they were about 80 feet apart. 

In another portion of the same field a row sprayed six times 
outyielded a row sprayed three times by 26 bushels 21 pounds 
per acre. 

The market price of potatoes at digging time was 50 cents per 
bushel. 

EXPERIMENT NO. 389. 


Conducted by H. M. Reeve on the farm of G. O. Hallock, 
Mattituck, Long Island. Each time after spraying his own field 
Mr. Reeve went out and back with the sprayer across Mr. 
Hallock’s potato field covering 14 rows. These rows were about 
34 rods long, 26 of them being required to make an acre. They 
were sprayed four times, commencing July 12 and repeating once 
a week. The sprayer used was a or2-horse, Schanck sprayer like 
the one shown in Plate XIII, fig. 1. The total cost of spraying 
was $1.60 per acre. 


174 Report OF THE BOTANICAL DEPARTMENT OF THE 


At digging time four rows in the middle of the sprayed strip 
were weighed as were also four unsprayed rows on each side. 
The yields were as follows: 

Four sprayed rows, 2,546 pounds or at the rate of 277 bushels 
29 pounds per acre. 

Four unsprayed rows on the south, 2,010 pounds. 

Four unsprayed rows on the north, 1,830 pounds. 

Average yield of the unsprayed rows, 208 bushels per acre. 

Gain due to spraying, 6914 bushels of marketable tubers per 


. 


acre. 


Most of the gain was due to the prevention of rot. On the 
unsprayed rows more than one-fourth of all the tubers were rot- 
ten, while on the sprayed rows there were but few rotten tubers. 

This experiment differs from most of the others in that only a 
narrow strip was sprayed while the remainder of the field, about 
five acres, was left unsprayed. 

The market price of potatoes at digging time was 50 cents 
per bushel. 

EXPERIMENT No. 40. 

Conducted by W. A. Fleet, Cutchogue, Long Island. One field 
of about nine acres and another of a little less than one acre 
were sprayed four times, commencing July 19 and repeating at 
intervals of eight days. The sprayer used was a New Hudson 
which sprays four rows at a time with two nozzles per row. 
The expense of spraying was about 64 cents per.acre for each 
application. 

In the nine-acre field there were no unsprayed rows, but in 
the smaller field, which was of the variety Rural New Yorker 
No. 2, one row 27 rods long was left unsprayed. We saw this 
experiment on August 9 at which time both the sprayed and 
unsprayed rows were quite badly attacked by late blight, but the 
unsprayed row was much the worse. Mr. Fleet informs us that 
the unsprayed row died two weeks earlier than the sprayed. 

The unsprayed row yielded 355 pounds or at the rate of 192 
bushels 49 pounds per acre, while an adjacent sprayed row yielded 
470 pounds or at the rate of 255 bushels 17 pounds per acre, mak- 
ing the gain due to spraying 62 bushels 28 pounds per acre. The 
greater yield on the sprayed rows was mainly due to the increased 


‘ 
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size of the tubers. There was no rot worth mentioning on either 
the sprayed or unsprayed plants. 

The market price of potatoes at digging time was 50 cents 
per bushel. ; 

EXPERIMENT NO. 41. 

Conducted by Charles B. Foster, Water Mill, Long Island. Ten 
acres of potatoes, Carman No. 1, were sprayed twelve times with 
a Schanck sprayer. About one-half acre was left unsprayed. 
The items of expense were as follows: | 


362 pounds copper sulphate, at 534c.................. $20 82 
Paepounds copper sulphate, at TC.-5 0. ioe 6 cle sepa ore « 28 00 
Pea ee RTECS, Ap LSI) oot ae oedo! drags’ + g's dime ove acer e hens 5 55 
Prerncuresiapor foreman, at Lt5oc.. 2.5... ee etek see 18 90 
Pasncurslapor tor horse, At 10 06. ee ae ceiee ee ce 5 40 
Bemis SoOariscOTCCU, AL LOC, ae we cantas Ge ece shen nea ee = 7 80 
Peer Ma TST SEL VQ a9e cies Gia 620 sik S13 ales agence: Ans & <is pamsaus flee se 4 00 

ea A Sheen i io REE oS yeeiS 4 Fin > Gi eaete Visors ne ets yaadhe Rosas $90 47 


An unsprayed row 26 rods long, 34 inches wide, yielded 383 
pounds or at the rate of 228 bushels 45 pounds per acre, while 
a nearby sprayed row yielded 518 pounds or 309 bushels 23 pounds 
per acre, making a difference of 80 bushels 38 pounds of market- 
able tubers per acre in favor of spraying. 

Contrary to the usual experience there was more rot on the 
sprayed than on the unsprayed rows. Mr. Foster estimates the 
loss from rot at 40 bushels per acre on the sprayed areas and 15 
bushels per acre on the unsprayed. The explanation of this 
seems to be that the weather conditions most favorable to rot 
came after the unsprayed plants were dead and dry and the blight 
spores mostly dead. The sprayed plants, on the contrary, were 
still green and covered with live spores of late blight which, 
falling upon the ground, caused the tubers to rot. In this part 
of Long Island late blight was particularly severe. In spite of 
thorough spraying the disease made steady progress and caused 
considerable damage. When we saw this experiment on August 
10 the unsprayed rows were entirely dead while the sprayed 
rows retained about three-fourths of their foliage. Mr. Foster 
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says that the sprayed rows lived 19 days longer than the 
unsprayed. 


The market price of potatoes at digging time was 40 pas 


but Mr. Foster realized an average price of 53 cents per bushel 
on his entire crop. 


SUMMARY OF VOLUNTEER EXPERIMENTS IN 1904. 


The principal features of the forty-one volunteer experiments 
are shown in the following table: 


TasBLE XIII —Suowine ReEsvuuts or VoLUNTEER EXPERIMENTS. 
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i Kirkland. ...|Dewittville..... 
Ransom... ; Ransomville. ce 
Grinnell..... AVDION SSS steniae > 
Driggsecens+ Flbai se eas 
Rrenchs..> 3, Gainesville..... 
Dusen... 26%! Gainesville..... 
Rayloteveicn wis Hardyvasees sao 
Wilson.:...- Castile.. st. v5 «- 
Beaumont...|Castile......... 
Gridler, :i2.<.- Hornellsville 
Schenck..... JASPEET cn beens 
Hollenbeck. .|Jasper......... 
Zimmerman..|Adams Basin... 
Babcock..... Spencerport.... 
Dobson...... Charlotte. iue.s 
INGITIB2. ove ey. West Rush..... 
Martin: <<a). < West Rush..... 
Deh. avetteesee-c Hastpivush: ans 
Schoen...... Pittstord.. see 
Battams>..e. HIShera. .c.cu ie 
(ST Ben ooh dies WAGtOD wi scree 
Van Voorhis .|Hopewell...... 
Weleht ics $a helpss. 4 ees 
Salisbury..:.|/Phelps......... 
Salisbury. ..|Phelpss. ...... «3% 
Salisbury®... |e helpsiy ste. ol 
Hadloweres.c Geneva......e. 
Bradley...... Interlaken..... 
Browns... Berkshire...... 
Belden...... Berkshire...... 
Hitchings....|S. Onondaga... 
Doolittle.....|Cassville....... 
Wlégsr race ey. Jeff seid Soe ciePe is 
Buchanansch cil A KIM, oso srsyeue te 
Jeannin...... WwW. Sand Lake.. 
Beadle....... Cambridge..... 
Downs. psec. Baiting Hollow. 
Moseley. ....|Riverhead..... 
IECVO SS. 5s fe 3 Mattituck...... 
Fleet......../Cutchogue..... 
Waosters..ta.t. Water Mill..... 
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5 212 1844)-27 SS S0 iss ee $0 50 
4 167 131 | 36 18} $0 33 50 
4 146 63 | 83 BA oe el Cats 6 60 
4 132 110 | 22 Olsen 40 
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3 2104 1344) 75 - (46)2 00050. 45 
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4 1654 1394] 26 LS} aretece 45 
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4 162 126 | 36 Ol shetere etevs 35 
1 228 1954) O261 coUlnc eee 35 
8 2414 198$| 43 8 90 50 
5 164 1334] 30 29 473 50 
3 179 122 | 57 Ola we tare 65 
8 PH | 744/196 24 654 40 
;: 287 225 | 62 Olet. Ate 40 
4 172 IS 791235 boo 45 65 
4 2324 142 | 90 IS wat eee _ 40 
2 256 233 | 23 20; 1 03 45 
8 200 130 | 70 Olizecersiee 40 
5 205 1ST | 682. 20 eet eee 40 
2 3164 3054| 10 50 73 40 
4 1444 104 | 40 43 762 40 
5 1924 126 | 66 of 80 40 
4 2064 1104] 96 25| 1 00 40 
6 304 148 {156 i 3 a Beer 50 
4 207 144 | 62 48; 1 85 35 
3 200 110 | 90 Ol Ser 40 
i 242 226 | 16 Ss hone ate 40 
3 220 1254] 94 14; 1 41 50 
¢ 2014 1344] 67 14 65 50 
4 350 323 | 27 13) 1 734 35 
5 2754 2443] 31 5| 114 50 
3 211 1694| 41 45| 1 56 50 
3 297 2484) 48 24]/....... 30 
4 240 199 | 40 48 95 50 
6 3254 2004/125 Ol eines 50 
4 2774 208 | 69 29 40 50 
4 255 193 | 62 28 64 50 
2 3094 229 | 80 38 754 40 


—_ 


Total area sprayed in 41 experiments, 36334 acres. 
Average increase in yield per acre, 58 Meese 2814 pounds. 


— 


“Computed to‘nearest‘half bushel. 


ne ee eee Sa 
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Average total cost** of spraying per acre (23 experiments), 
$3.91. 

Average cost per acre for each spraying (23 experiments), 
90 2-3 cents. j | 

Average market price of potatoes at digging time, 4314 cents 
per bushel. 

Average net profit per acre (23 experiments), $22.01. 


AN EXPERIMENT TO DETERMINE THE RELATIVE EFFI- 
CIENCY OF SOLUBLE BORDEAUX, SODA BORDEAUX 
AND LIME BORDEAUX FOR THE PREVENTION OF 
POTATO BLIGHT, PHYTOPHTHORA INFESTANS. 


INTRODUCTION. 


Soluble bordeaux.—At the request of Director W. A. Henry of 
the Wisconsin Experiment Station we made a test of the “ soluble 
bordeaux” devised by Dr. S. M. Babcock of the same Station. 
Concerning the preparation and use of soluble bordeaux Dr Bab- 
cock gave us the following instructions: 


Stock Solutions. 

1. Copper sulphate solution: 

Dissolve one pound of copper sulphate in two gallons of cold water. Will 
keep indefinitely. 

2. Solution of sucrate of lime: ‘ 

Slake ten pounds of fresh lime in 30 pounds of water, strain the milk 
of lime through a wire strainer and add a solution of 25 pounds of granulated 
sugar in 50 pounds of water. Stir thoroughly at frequent intervals, and after 
two or three hours decant or siphon the clear liquid from the undissolved 
lime. The lime and sugar solution can be conveniently mixed in a revolving 
barrel churn. 

The quantities named are sufficient for about eight gallons of standard 
solution of sucrate of lime. 

The solution will keep indefinitely if placed in well stoppered bottles, 
but if open to the air will gradually absorb carbonic acid gas and the lime 
will separate. 

After siphoning off the clear solution the residue still contains some 
sugar which may be recovered by adding eonsiderable water and allowing 
the residue to settle a second time. The clear solution obtained may be 
used in place of an equal quantity of water in the preparation of the next 
lot. 

Soluble Bordeaux. 


Take equal parts of solution 1 and 2 and add three parts of water. Agitate 
until the copper hydrate which is at first precipitated is entirely dissolved. 

“‘In every one of the 23 experiments which enter into this average the 
cost given includes both labor and materials and in most cases also poison 
for bugs and an allowance for the wear of machinery. 


12 
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Upon standing a slight deposit of gypsum is formed leaving a deep blue 
solution of hydrate- of copper. If desired the spray may be applied im- 
mediately after preparation as the small amount of finely divided gypsum 
will not interfere. Prepared in this manner the solution contains about the 
same amount of copper hydrate as the ordinary bordeaux mixture. It may 
be diluted indefinitely with water without a precipitate forming. The solu- 
tion should be kept in well stoppered bottles and is best if used within 48 
hours after preparation. 

In case complete solution of the copper hydrate is not obtained, add a 
little more of solution No. 2 of sucrate of lime. 

It is believed, on account of the soluble condition of the copper hydrate 
in this preparation, that its efficiency as a fungicide will be much greater 
than in the ordinary bordeaux mixture and consequently that it may be 
diluted at least ten and possibly fifty times and still protect plants from 
the ordinary fungus diseases. In addition to this advantage the absence 
of solid particles permits the use of a much finer spray than is now em- 
ployed and it is evident that with a fine spray much more surface can be 
covered with the same amount of material. In these two ways it is hoped 
that the expense for the materials used in spraying may be greatly reduced. 


Soda bordeaur.—Considerable interest in soda bordeaux for 
potatoes has been aroused recently by Prof. 8S. Fraser** who calls 
attention to the fact that some experiments made in Ireland tend 
to show that soda bordeaux is superior to the regular lime bor- 
deaux as a preventive of potato blight.*® The experiments men- 
tioned extended over three years, included nine varieties, and each 
year soda bordeaux eave better results than lime bordeaux. ‘The 
average yield per acre for the three years was as follows: Lime 
bordeaux, 370 bushels; soda bordeaux, 391.7 bushels; unsprayed, 
303.9 bushels. Thus the lime bordeaux gave an average gain of 
66 bushels and the soda bordeaux, 88 bushels per acre. ,The lime 
bordeaux was made by the &8-4-40 formula or the 1-to-5 formula, 
which is stronger than it is used in this country. The soda bor- 
deaux, also, was made by the 1-to-5 formula with 10 pounds of 
washing soda (sal soda) substituted for the lime. 

As these results are not in harmony with accepted heer on 
the subject the writers thought it advisable to make farther ex- 
periments comparing soda bordeaux with lime bordeaux and 
with Dr. Babcock’s soluble bordeaux. 


Fraser, S. Treatment for Potato Blight. Country Gentleman, 69:510. 
June 2, 1904. 

Ibid. A New Treatment for Potato Blight. American Agriculturist, 73: 
668. June 18, 1904. 

Ibid. The Potato, p. 131. Orange Judd Co., New York. 1905. 

#°Prevention of Potato Blight. Department of Agriculture and Technical 
Instruction for Ireland. Leaflet No. 14, 
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The experiment.—The experiment included sixty rows of po- 
tatoes, 100 feet long and three feet apart. The hills were 18 
inches apart in the row, the planting being done by hand. The 
land grew corn in 1903. No manure or fertilizer was applied for 
the potato crop. These potatoes were not planted for experi- 
mental purposes but merely to fill out the ends of the rows used 
in some other spraying experiments. Accordingly they were not 
planted with the care usually taken in experimental-work. They 
were planted quite late, about June 10. The variety was Rural 
New Yorker No. 2. 

When the plants were 6 to 9 inches high they were attacked 
by hordes of Colorado potato beetles and treatment being de- 
layed considerable injury was done. Some of the plants were 
almost completely defoliated. On July 26, paris green in lime- 
water (1 pound to 50 gallons) was applied over the entire 60 
rows. Rain coming the same day the treatment was not as 
effective as desired, hence another application of paris green 
was made on July 29. After this there was no more trouble 
from beetles until August 12, when they were again sufficiently 
numerous on the check rows to require another application of 
paris green. This time only the check rows were treated. 


PLAN OF THE EXPERIMENT. 

The sixty rows were divided into four series of 15 rows each 
as follows: 

Series I. Rows 1, 5,9, 13, 17, 21, 25, 29, 38, 37, 41) 45, 49, 53, 57 
were left untreated for a check. 

Series IT. Rows 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 
58 were treated with soluble bordeaux. 

Series [11.° Rows 3, 7, 11,.15,°19, 23, 27, 31,35, 39, 43) 47) 51, 55, 
59 were treated with soda bordeaux. 

Series IV. Rows 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 
60 were treated with the regular lime bordeaux. 

Series IT, III and IV were very thoroughly sprayed, by means 
of a knapsack sprayer, four times, August 2, 8, 19 and Septem- 
ber 1. In the last two sprayings 16 gallons were required to 
spray the fifteen rows of each series. 


PREPARATION OF SPRAY MIXTURES. 


Soluble bordeauxr—-(1) Solution of copper suplhate prepared by 
dissolving one-half pound copper sulphate in one gallon of water. 
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(2) Solution of sucrate of lime furnished by the Wisconsin Experi- 
ment Station. 

One quart of (1) was mixed with one quart of (2) and three 
quarts of water. After standing 15 or 20 minutes this mixture 
(containing five quarts) was added to 95 quarts of water, making 
a total of 100 quarts, and spraying commenced at once. 

Soda bordeaux.—Two pounds of copper sulphate was dissolved 
in two quarts of water by boiling, then diluted to 32 quarts. 
Two and one-half pounds washing soda was dissolved in two 
quarts of water by boiling. After being cooled this was poured 
into 32 quarts of copper sulphate solution and enough water 
added to make 64 quarts in all. The litmus test indicated that 
the mixture was very nearly neutral. 

Lime bordeaux.—Two pounds of copper sulphate dissolved in 
32 quarts of water. To this was added a quantity of milk of 
lime equal to about one and one-half times that required to 
satisfy the potassium ferrocyanide test. Finally, enough water 
was added to make 64 quarts in all. This is the regular 1-to-8 
formula which we recommend for spraying potatoes. 


NOTES. 


The first application was made in the forenoon of August 2. 
In the afternoon there was rain and it is likely that the last five 
rows in Series II (soluble bordeaux) did not get thoroughly dry 
before the rain came. 

Between the first and second sprayings considerable rain fell. 
Nevertheless, on Series III and IV the mixture applied in the 
first spraying was quite conspicuous at the time of making the 
second one. Whether the soluble bordeaux was washed off by 
rain was impossible to determine because it does not discolor the 
foliage at all. It was impossible to tell which rows had been 
sprayed and which not. For use on potatoes this feature of the 
soluble bordeaux is a decided disadvantage. The same thing 
was observed at the time of the third and fourth sprayings. 
Series III and IV showed abundant evidence of the mixture 
ayplied in the previous spraying, but on Series II there was no 
discoloration of the foliage, not even immediately after spraying. 

At no time was there any evidence of spray injury on any of 
the series. 
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At the time of the first spraying, August 2, there were traces 
of blight (Phytophthora infestans) all over the field, but even on 
the unsprayed rows it made slow progress until after Septem- 
ber 1. | 

On September 8 notes were made on the condition of the 
different series. On the check rows in the east half of the experi- 
ment field there was considerable blighted foliage, while check 
rows in the west half of the field were but slightly affected. 
Throughout the experiment the rows sprayed with soluble bor- 
deaux were somewhat less affected than the check rows adjacent, 
but much more affected than the rows sprayed with soda bor- 
deaux or those sprayed with lime bordeaux, on which the foliage 
was nearly perfect. There seemed to be no difference between 
Series [III and IV. 

On September 21 there was still but little blight in the west 
half of the experiment, while in the east half the check rows 
were mostly dead. The soluble bordeaux rows were appreciably 
better than the check rows but much inferior to the two bordeaux 
series. | 

On September 29 the check rows were practically dead through- 
out the experiment. Soluble bordeaux rows were but little 
better, being all dead over the east half of the experiment and 
with but little green foliage in the west half. The two bordeaux 
series were about equal, with probably three-fourths of their 
foliage in good order; but from this date on they deteriorated 
rapidly and were finally. killed by frost October 6. 


YIELDS. 


The potatoes were dug by hand October 24 and 25. The prod- 
uct of each series was thrown onto a large table and carefully 
sorted, by the writers, into marketable, rotten and small. The 
yield_by series is Shown in the accompanying table. 


Taste XIV.—YIELD By SERIES IN EXPERIMENT wiTH DirreRENT Kinds or 























BorpDEAUX. 
YIELD PER SERIES. YIELD PER ACRE. 
SERIES. pals PRE abet PY ate RY Be EG A. Oe EE Moe Sk Gr 
Marketable. Rotten. | Small. | Marketable. | Rotten.| Small. 
nt The baw Lhe Bat Wee Bee 
Ng Oheckics hte. chavcleeetene 667 36 84 | 107 29 5 48 |] 13 32 
II Soluble bordeaux. .... 735 88 87 | 118 Zi. |p A4e see 14 1 
III Soda bordeaux........ 9874 10 62 | 159 9 Leo 7 ee 0 
IV Lime bordeaux....... 1091 264 69 | 175 50 4 26|10 48 
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Irom the above table it will be seen that the gains due to 
spraying were as follows: 

Soluble bordeaux, 10 bu. 58 Ibs marketable tubers per acre. 

Soda bordeaux, 51 bu. 40 Ibs. marketable tubers per acre. 

Lime bordeaux, 68 bu. 21 lbs. marketable tubers per acre. 


COMMENTS ON RESULTS. 


It is possible that the soluble bordeaux was at a slight disad- 
vantage in the first spraying for the reason that five of the rows 
were but partially dry when rain came. However, we believe 
it improbable that this had much influence on the results because 
a second spraying was made only six days later, August 8, and 
subsequent events indicate that but little infection occurred 
during the interval. Blight did not get well under way until 
after September 1. 

With the exception above noted, the test seems to have been 
a fair one. While there were doubtless slight inequalities in 
planting, it is probable that they were pretty evenly divided 
among the four series. 

It will be seen that there was more than twice the weight of 
rotten tubers on the soluble bordeaux rows that there was on 
the check. The reason for this is not clear. The rot was prac- 
tically all due to Phytophthora, that is, a direct consequence of 
the blight affecting the tops. Most of the affected tubers were 
in the early stages of the rot and it is unlikely that the smaller 
amount of rot on the check can be attributed to the more com- 
plete decay of the tubers on those rows. Probably the soil and 
weather conditions were more favorable to rot late in the season 
after most of the blight spores on the check rows had dried up. 
On the sprayed plants the blight spores lived longer because the 
foliage continued green longer. 

The increased yield on the sprayed series was chiefly due to 
the prevention of Jate blight, Phytophthora infestans. There was 
no early blight and no injury by flea-beetles. 

In this experiment blight was not as virulent as in other spray- 
ing experiments in the same field. This was largely due to the 
fact that the plants were much smaller, owing to lack of fertil- 
izer. Probably, also, the three heavy applications of paris green 
to the check rows protected them considerably against blight. 
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In another experiment made the past season four similar appli- 
cations of paris green increased the yield about 46 bushels per 
acre through partial prevention of blight.°° 


CONCLUSIONS. 


Soluble bordeaux, as used in this experiment, has slight value 
as a preventive of potato blight (Phytophthora), but is far infer- 
ior to soda bordeaux and the regular lime bordeaux of the 1-to-8 
formula. Probably it is useless to experiment with dilutions 
greater than that used in this experiment. 

Soda bordeaux proved inferior to lime bordeaux. It is not to be 
recommended, at least until further tests® have been made. Its 
only advantage is that it does not clog the spray nozzles so readily. 
It has the disadvantage that arsenite of soda can not be used with 
it safely except by the addition of lime. 


POTATO TROUBLES IN NEW YORK IN -1904. 


In New York the season of 1904 was cool, with an abundance 
of rain, making conditions generally favorable for potatoes, ex- 
cept in the matter of blight. Owing to the protracted wet weather 
in the spring, planting was much delayed in some localities. 
Many fields were planted from June 5 to 15. A large propor- 


Details of this experiment will be given in a subsequent bulletin. 

The soluble bordeaux has been tested also by Director Woods of the 
Maine Station with similar results (Me. Exp. Sta. Bul. 112:8-12). His 
conclusions are as follows: “The soluble bordeaux of equal strength to 
regular bordeaux mixture cost much more, both in materials and labor, 
than regular bordeaux mixture. The yields were smaller and the quality 
inferior from the plots sprayed with soluble bordeaux. For both of these 
reasons its use is not recommended.” 

It should be stated that only carefully conducted experiments are of any 
value in solving this problem. Such experiments as farmers make are not 
sufficiently accurate. The difference in efficiency between soda bordeaux and 
lime bordeaux is certainly not great—not more than a few bushels per 
acre—and there are several other factors which, unless eliminated from the 
experiment, would make the results unreliable. Only two such factors need 
be mentioned: (1) Inequality of soil. Soil varies so much that the yields 
of adjacent plats treated as nearly alike as possible often vary. by 25 to 
50 bushels per acre. Hence, wide plats are objectionable. The plats should 
be long and narrow (preferably consisting of a single row) and repeated 
several times as in the above experiment (Page 179) and in the Station 
ten-year experiments (Page 91.) (2) Thoroughness of spraying. Great 
care must be taken that the soda bordeaux and lime bordeaux plats are 
sprayed with equal thoroughness. Even a slight variation in the thorough- 
ness of spraying may materially affect the yield. 

In the report of the Irish experiments cited by Prof. Fraser few details 
are given, making it impossible to determine whether the experiments were 
properly conducted. : 
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tion of these late-planted fields were killed by frost on Septem- 
ber 22, before the plants had completed their growth. This was 
especially true of sprayed fields which were protected from 
blight. Had it not been for frost, several of the experiments 
reported in this bulletin would have shown considerably larger 
gains due to spraying. In our opinion, late potatoes in this 
State should be planted before May 25, in order that they may 
mature before frost. 

Late blight, Phytophthora infestans, was destructive over the 
greater part of the State. In western and central New York 
and on Long Island it caused enormous loss. It appeared in the 
latter part of July and during August became very virulent. In 
the majority of the fields the blight was followed by more or less 
rot. Through the northern part of the State late blight was not 
destructive until nearly the close of the season, but it was fol- 
lowed by a violent attack of rot. For example, in Franklin 
County losses of 25 to 50 per ct. of the crop were not uncom- 
mon. 

The localities suffering Jeast from blight and rot were in the 
eastern part of the State, in Columbia, Rensselaer and Washing- 
ton Counties and along Lake Champlain. 

Karly blight was very unimportant. It caused some damage 
on Long Island and also in a few fields in other parts of the 
State, but it was not common. About the same may be said of 
flea-beetles. On Long Island they were exceedingly numerous 
and destructive, but elsewhere in the State they were not 
troublesome except in a few localities. Colorado potato beetles 
or “bugs” as they are called were also less troublesome than 
usual. In many cases there were so few that it was unnecessary 
to use poison for them. 

We estimate that the loss from potato blight and rot in 1904 
was at least 60 bushels per acre on the average. In 14 farmers’ 
business experiments spraying increased the yield 6214 bushels 
per acre and the average gain from spraying in 41 other experi- 
ments by farmers was 58% bushels per acre. As these experi- 
ments were well distributed over the State they should represent 
the average conditions fairly well, Besides it should be taken 
into consideration that in many of these experiments the spray- 
ing was not thoroughly done so that the blight was only partially 
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controlled. At the Experiment Station the loss from blight was 
233 bushels per acre as shown by the results of spraying in the 
ten-year experiment. Had the spraying in the farmers’ experi- 
ments been as thorough as that done at the Station it is probable 
that the gain from spraying would have been doubled in many 
cases. Few farmers realize how great is the loss caused by 
potato blight. 


PROGRESS OF POTATO SPRAYING. 


It is gratifying to note that the practice of spraying potatoes” 
for blight is very evidently on the increase in New York. Dur- 
ing the past season much more potato spraying was done than 
ever before and the indications are that in 1905 there will be 
still greater activity along this line. Western New York (Monroe 
and Ontario Counties) and Eastern Long Island are taking the 
lead. Considerable spraying has been done, also, in Wyoming and 
Steuben Counties. 

However, taking the State as a whole, a very small part of 
the crop in 1904 was sprayed. In the northern part of the State 
(Franklin and Clinton Counties) potato spraying is practically 
untried. ‘At Chateaugay, one of the largest potato-shipping points 
in the State, no spraying of any importance has ever been done. 
Scattered all over the State are many other localities in which 
little or no attention has been given to spraying. Here and there 
are found potato growers who spray regularly and are enthusias- 
tic over the results. Some others have experimented with it more 
or less and are yet in doubt as to whether it pays. But it is prob- 
able that in the majority of New York potato fields spraying has 
not even been tried. 

The prospect for 1905 is encouraging. There seems to be a 
widespread interest in the subject. Many farmers who have 
never before sprayed are planning to do so the coming season. 
On Long Island, the Riverhead Farmers’ Club has ordered five 
tons of blue vitriol to be used for spraying potatoes. No doubt 
this unusual interest in potato spraying is chiefly due to the 
heavy losses caused by blight and rot during the past three 
years. Should the season of 1905 be a dry one so that blight is 
_not severe and the returns for spraying are small it is likely that 
interest will again lag and spraying be abandoned in 1906. We 
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would warn farmers against’ this. Unprofitable seasons are to 
be expected now and then; but the results of our experiments 
already leave little doubt that spraying will be profitable, on 
the average. No one can foresee whether blight will be destruc- 
tive. The only safe method is to spray regularly every season. 

Another indication of progress is seen in the quality and vari- 
ety of potato spraying machinery now on the market. Until 
recently, one objection to the spraying of potatoes was the lack 
of suitable machinery. This objection is no longer valid. There 
is now a considerable variety of good, serviceable sprayers suited 
to fields of all sizes and for sale at reasonable prices. As the 
demand for them increases these sprayers will be still further 
perfected. . 


MAKING EXPERIMENTS IN 1905. 


It is the intention to continue the potato spraying experiments 
seven years longer. In 1905 the regular ten-year experiments 
at Geneva and Riverhead will be conducted again as usual; also, 
about fifteen farmers’ business experiments in different parts of 
the State. In addition, the Station hopes to secure reports of a 
large number of volunteer experiments—the more the better. An 
effort will be made to obtain for publication in the 1905 bulletin 
an account of at least one volunteer experiment from each 
county in the State. Some counties should furnish several 
experiments. . 

Potato growers in all parts of the State are earnestly requested 
to make spraying experiments in 1905 and report the results to 
the Station. Whatever the outcome of the experiments, whether 
for or against spraying, we wish the reports, provided, of course, 
the experiments have been properly conducted. Some rows 
should be left unsprayed for comparison, and they should be 
under practicaly the same conditions as the sprayed rows. They 
must be of the same variety, on the same kind of soil, treated 
with the same kind and quantity of fertilizer and given the same 
cultivation. And the unsprayed rows must be protected from 
bugs. One of the commonest faults of farmers’ spraying experi- 
ments is that bugs are permitted to injure the unsprayed rows. 
Finally, the test rows must be measured with a tape, not paced; 
and the crop on them must be weighed or measured, not estimated. 
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It is desirable, but not necessary, that an account be kept of 
all expense of the spraying, including all labor, chemicals, poison 
for bugs and an aliowance for wear of sprayer. 

The sprayed and unsprayed rows to be measured should not be 
far apart. Probably the fairest test that can be made on a small 
scale is to have three unsprayed rows, then measure the crop on 
the middle one and also on the second sprayed row on either side. 
By this methed two rows are left between the unsprayed row 
and the sprayed rows measured. This is desirable for the reason 
that an unsprayed row next to a sprayed row is sure to receive 
some benefit from spray falling upon it accidentally; and 
a sprayed row next to an unsprayed one does not have a fair 
chance, because it is less thoroughly sprayed than the other rows 
in the field and is also more exposed to blight.** 

Those having four-row sprayers may prefer to leave four un- 
sprayed rows, in order that they may use their sprayer in apply- 
ing poison for bugs. In such a case we would advise measuring 
the crop on the middle two unsprayed rows and on the second 
sprayed row on either side. 

The greater the length of the sprayed and unsprayed rows 
measured the better. They should be at least 25 rods long. 
Yields per acre based upon the weight of a few hills are unde- 
sirable. 


MISCELLANEOUS INFORMATION ON POTATO BLIGHT 
AND SPRAYING.** 


CONCERNING THE NUMBER OF SPRAYINGS., 


“There is great diversity of opinion as to the number of spray- 
ings which is most profitable. Some hold that two or three 
sprayings are sufficient. Others would spray frequently through- 
out the whole season. 

“ Conditions vary so much that no invariable rule can be made. 
The farmer must rely chiefly on his own Judgment. Probably 
the rule which most nearly fits all cases, and the one to be fol- 


8 Hor an example of this see Table X showing yields in the West Henrietta 
experiment, p. 112. 

“The matter included under this head is copied from Farmers’ Institute 
Bulletin No. 2. Syllabus of Ilustrated Lecture on Potato Diseases and 
Their Treatment. By F. C. Stewart and H. J. Eustace. Published by U. S. 
Dept. of Agr. Office of Experiment Stations, 1904. 


188 Report OF THE BOTANICAL DEPARTMENT OF THE 


lowed when in doubt, is the following: Commence spraying 
when the plants are 6 to 8 inches high and repeat the treatment 
regularly at intervals of ten to fourteen days as long as the 
plants live. 

“ Usually ‘bugs’ must be treated when the plants are a few 
inches high. Often flea-beetles are prevalent at the same time. 
By using bordeaux and poison together both these insects may 
be more effectively fought than by using poison alone. In an- 
other two weeks the second brood of bugs has appeared. A 
second spraying must be made for these. In two weeks more ~ 
the plants are in bloom and quite large. They must now be 
sprayed for blight, and it is not easy to reach the lower leaves. 
Unless the two early sprayings have been made, it is difficult to 
protect the lower leaves and they fall a prey to both early and 
late blight. Where the vines grow large this is an important 
matter. ; 

“ Another advantage in commencing early is that the plants 
are always protected against an outbreak of late blight. As a 
rule it is unsafe to postpone spraying until the appearance of 
blight. Usually the blight becomes thoroughly established in a 
field before it is observed. In any case it is necessary to act very 
promptly, and there are likely to be unforseen hindrances, such 
as lack of materials or the sprayer being out of order. Then, too, 
it often happens that the outbreak of blight occurs during a period 
of wet weather when it is almost impossible to get into the field 
to spray. The only sure way to avoid such difficulty is to com- 
mence early and spray regularly at intervals of 10 to 14 days, 
as above directed. One of the chief causes of failure is beginning 
too late. 

“The frequency of the spraying should depend somewhat upon 
the thoroughness with which the work is done. In giving the 
above directions for spraying it is assumed that the quantity of 
bordeaux applied at each spraying is at least 40 gallons per acre. 
If using a sprayer which applies but 25 gallons per acre, once in 
two weeks is not often enough. In such cases an application 
should be made every week. When the vines are large and the 
weather favorable to late blight at least 100 gallons per acre are 
required to do good work. The general tendency of farmers is 
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to make too light applications. Many fail because they are too 
saving of time and material.” 


THE KIND OF SPRAYER TO USE.*5 


“The kind of sprayer to use depends chiefly upon the area to 
be sprayed. For gardens and fields of one acre or less, cont- 
pressed-air sprayers holding three to five gallons and costing from 
three to eight dollars answer very well. There are also bucket 
pumps which may be had for the same price and which are quite 
satisfactory. Likewise the knapsack sprayers to be carried on 
the back are useful for small areas, but they cost $10 to $15. One 
of these small hand sprayers is very generally useful about the 
garden and grounds for applying insecticides and fungicides to 
small trees and shrubs as well as to potatoes and other vegetables. 

“ When it is desired to use the same outfit for spraying in the 
potato field and in the orchard, a barrel spray-pump outfit (cost 
$10 to $20) is the proper thing to use. In the potato field this 
outfit may be used in two ways: First, it may be drawn through 
the field in a light wagon or two-wheeled cart, with a man to 
pump and drive while two others walk and direct the spray 
nozzles. This method requires much man labor and is there- 
fore expensive, but no extra outlay for apparatus is necessary 
and the spraying can be done more thoroughly than by any other 
method practical in large fields. Second, it may be used on a 
one-horse two-wheeled cart, having at the rear about 9 feet of 
34-inch iron, or, better still, brass pipe, communicating with the 
pumps by means of a short piece of hose. To this pipe eight 
spray nozzles (two for each row) are attached in pairs. One. 
man pumps and drives, spraying four rows at each passage. All 
things considered, this is the most satisfactory potato-spraying 
outfit yet devised. It can be built at a cost of $30 to $40. 

“For large fields of ten or more acres geared pumps operated 
by horse power are entirely practical. Several good outfits of 
this kind are on the market. Their chief advantage over the 
barrel outfit last mentioned is that the labor of pumping is shifted 
from the driver to the horse. They have the disadvantage in 


For a general discussicn of spraying machinery see Bulletin 243 of this 
Station. 
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being more expensive ($60 to $75), less durable and of heavier 
draft.” 
SPRAYING BEFORE RAIN. 

“Some hesitate to spray potatoes when it looks like rain. 
They argue that the rain will wash off the bordeaux and necessi- 
tate the work being done over. Let us inquire into this matter. 
It is in rainy weather that spraying is most needed, because it is 
then that the late blight spreads most rapidly. The beating of 
the rain scatters the spores of the blight fungus and, the con- 
ditions for their germination being excellent, infection occurs 
readily. Most of the infection takes place during rainy weather. 
In dry weather the disease makes slow progress because the spores 
must have moisture in which to germinate. Moreover, much dry- 
ing kills the spores outright. 

“ Because of these facts the best time to spray is shortly before 
rain. If there is sufficient time for the bordeaux to get 
thoroughly dry on the leaves before the rain comes, it is all right. 
The leaves are then protected. Spores falling on them will be 
unable to germinate. Even when the mixture does not get dry 
spraying must do some good; but in such cases another spraying 
should be made as soon as possible. Never stop spraying because 
rain threatens. On the contrary, make a special effort to get the 
spraying done before it rains. 


COPPER SULPHATE AND COPPERAS. 


“ Many persons confuse copper sulphate with copperas. Cop- 
per sulphate is blue vitriol, also called blue stone. It contains 
copper and is used in the preparation of bordeaux mixture. 

“Copperas is an entirely different thing. It is iron sulphate. 
It does not contain copper and cannot be used for making 
bordeaux. 

“The crystals of the two substances are somewhat similar in 
appearance, but may be readily distinguished by their color. 
Copper- sulphate crystals are blue, while those of copperas are 
greenish.” 

ARSENITE OF SODA. 


KEDZIE FORMULA. 
White ‘arsenic, Pounds ss... % 0/«:c3 nh eae wie sg os 0 0: 05x eee nee 
sal; soda; pounds, ii). ody toate eaten eevee Sle) «eat. Sigler sien A ee 
Water; Gallons i. Bei 2's ale ctemiera a tee ore oo ca, ood yee 
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“ Boil until the arsenic is all dissolved, which will take about 
fifteen minutes. Replace the water lost in boiling, as otherwise 
some of the material will crystalize upon cooling. This makes a 
stock solution of arsenite of soda, which may be placed in tightly 
stoppered jugs or bottles and kept on hand for use as needed. 
The vessels used in making and storing the solution should be 
plainly labeled ‘Poison’ and never used for any other purpose. 
“Two quarts of this stock solution are equivalent to 1 pound 
of paris green. This is the quantity which should be used on an 
acre of potatoes. At the rate of 1 to 2 quarts in 50 gallons 
it may be used with bordeaux mixture without danger of injury 
to the foliage, but it must not be used alone. Even with lime 
water it can not be safely used at a greater strength than 1 
quart of stock solution with 4 pounds of lime in 50 gallons of 
water.” ) 


IS IT SAFE TO PLANT WHERE POTATOES BLIGHTED THE PREVIOUS 
SEASON ? 


-“The above question is often asked. The answer depends on 
the nature of the blight. If the blight in question is late blight, 
the fact the plants blighted last year has no bearing on this year’s 
crop so far as planting on the same land is concerned. The fun- 
gus of late blight does not live over winter in the soil.®° 

“If the blight is due to the dry-rot fungus (Fusarium oxy- 
sporum), or to the bacterial wilt organism (Baccillus solancea- 
rum), the land should not, at once, be used for potatoes, since 
these diseases are harbored from year to year in the soil. 

“Yor early blight a satisfactory answer cannot be given. The 
facts are not known.” 


BLIGHT-PROOF VARIETIES. 


“ While some varieties suffer more than others from both early 
and late blight, there are none entirely blight-proof and probably 
none sufficiently resistant to make spraying unnecessary. Re- 


% Director Woods of the Maine Station has recently advanced the opinion 
(Me. Exp. Sta. Bul. 112: 5) that, “ Potatoes may be infected directly in the 
field from spores introduced in the manure, or from rotten potatoes spread 
upon or left in the land the preceding year.” We hold that observed facts 
do not warrant this corclusion. In the case on which Woods bases his 
opinion (Loc. cit. pp. 1-2) the rotting of the tubers was probably due to 
infection which occurred at the time of digging when the tubers were brought 
into contact with live Phytophthora blight spores on the green tops. 
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sistance to blight is a desirable quality in a variety, but is less 
important than several other qualities. Wherever late blight © 
occurs potatoes must be sprayed anyway, and the slight differ- 
ences in the blight resistance of the different varieties does not 
amount to much. Most of the blight-proof varieties advertised 
are humbugs.” 

BEST TIME TO DIG BLIGHTED POTATOES. 

“When potatoes are attacked by late blight there is always 
danger that the tubers may rot. The question is frequently 
asked: ‘How soon after the tops begin to blight should the 
tubers be dug in order to avoid, as far as possible, loss from 
rot?’ .This subject has been investigated by Professor Jones at 
the Vermont Experiment Station (Fifteenth Annual Report, 
pp. 219-223), who sums up the results of his experiments®’ as 
follows: ‘As nearly as we can formulate a rule based upon these 
results, it is that where there is danger of rot it is best to delay 
the digging some ten days or more after the tops die and that 
a longer delay does no harm.’ 

“Our own observations lead us to a similar conclusion. If 

the tubers are to be stored they should not be dug until the tops 
are dead and thoroughly dry, in order that the fungus spores 
may be given a chance to dry up and die. As long as the tops 
remain even partially green the spores of the blight fungus con- 
tinue to live. In the process of digging, the tubers become 
covered with these live spores, and if conditions are at all favor- 
able more or less rot results. This explains why sprayed pota- 
toes sometimes rot more in storage than unsprayed ones. 
. “In this connection attention should be called to the objec- 
tionable practice of covering piles of tubers with potato tops to 
protect them from the sun. If the tops have been affected with 
late blight, they may infect the tubers and cause them to rot. 
The danger is especially great if the tops are green or if rain 
comes while the tubers are thus covered.” 


A PUBLIC SPRAYER. 


With farm help so difficult to obtain as at present, farmers are 
inclined to look with disfavor upon any new method involving 


A later experiment giving similar results is reported in Vermont Agr. 
Exp. Sta. Rep. 16:161-163. See also Me. Kxp. Sta. Bul. 112:2. 
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extra labor. This objection has been brought against potato- 
spraying. Farmers say, “We already have more work than we 
can possibly do. We can not find time to spray potatoes.” The 
answer might well be made that the remedy lies in reducing the 
acreage. Twenty acres of sprayed potatoes are likely to yield 
more net profit than 25 acres of unsprayed potatoes and at the 
same time require less labor. 

But there is another and more satisfactory method .¢ solving 
this problem; namely, by hiring the spraying done by a public 
sprayer. Let some one in the neighborhood buy a sprayer and 
spraying materials and make a business of spraying potatoes at 
so much per acre. This method has several advantages. It would 
relieve the farmer of all bother of learning how to spray; it would 
make unnecessary the purchase of several expensive sprayers; 
by purchasing chemicals in large quantities they could be ob- 
tained at low prices; a man making spraying his business would 
soon become expert and able to do it better and more rapidly 
than the farmer could do it for himself; and the farmer would 
be relieved of all the extra work connected with spraying. In 
short, the public sprayer could spray potatoes cheaper and easier 
than the farmer can do it himself and make good wages at the 
same time. 

With a good six-row, power sprayer carrying one nozzle per 
row, a4 man and team should spray 15 acres per day provided 
water is convenient. Making due allowance for bad weather 
and time lost in moving from one-field to another, it would seem 
that one man should be able to manage at least 100 acres of pota- 
toes, spraying them once every two weeks. 


DIRECTIONS FOR SPRAYING.°®® 
In general. commence spraying when the plants are six to 
eight inches high and repeat the treatment at intervals of 10: to 
14 days in order to keep the plants well covered with bordeaux 
throughout the season. During epidemics of blight it may be 
necessary to spray as often as once a week. Usually six appli- 
cations will be required. The bordeaux should contain six pounds 


8 Substantially the same as given in Bulletin 241, p. 292. The experi- 
ences of the past season do not warrant any material alteration in the recom- 
mendations there made. 
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of copper sulphate to each 50 gallons.®® Whenever bugs or flea- 
beetles are plentiful add one pound of paris green or two quarts 
of arsenite of soda stock solution (See p. 190) to the quantity of 
bordeaux required to spray an acre. 

Thoroughness of application is to be desired at all times, but 
is especially important when flea-beetles are numerous or the 
weather favorable to blight. Using the same quantity of bor- 
deaux, frequent light applications are likely to be more effective 
than heavier applications made at long intervals; e. g., when a 
horse sprayer carrying but one nozzle per row is used, it is better 
to go over the plants once a week than to make a double spray- 
ing once in two weeks. 

Those who wish to get along with three sprayings should post- 
pone the first one until there is danger of injury from bugs 
or flea-beetles and then spray thoroughly with bordeaux and 
poison. The other two sprayings should likewise be thorough 
and applied as such times as to keep the foliage protected as 
much as possible during the remainder of the season. Very 
satisfactory results may be obtained from three thorough 
sprayings. 

A single spraying is better than none and will usually be 
profitable, but more are better. Spraying may prove highly 
profitable even though the blight is only partially prevented. 
It is unsafe to postpone spraying until blight appears. IExcept, 
perhaps, on small areas, it does not pay to apply poison alone for 
bugs. When it is necessary to fight insects use bordeaux mix- 
ture and poison together. 


For the preparation of bordeaux mixture see footnote on page 94. 
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EFFECT OF CERTAIN ARSENITES ON POTATO 
FOLIAGE.* 


W. H. Jorpan, F. C. Stewart AnD H. J. HUSTACE. 


SUMMARY. 


This bulletin gives an account of some experiments designed 
to determine in what extent and in what manner paris green 
and arsenite of lime are injurious to potato foliage. 

In an experiment with paris green this well-known insecticide 
was applied four times by three common methods: viz., with 
water, with lime water and with bordeaux. Other rows received 
bordeaux only while still others were left untreated for a check. 

At no time during the experiment, not even when the paris 
green was applied at the rate of 414 pounds per acre, was there 
any indication of injury to the foliage. On the contrary, the 
rows receiving paris green in water and also those treated with 
paris green in lime water were conspicuously more perfect in 
foliage than were the check rows. This difference was due to the 
partial prevention of late blight. It was shown conclusively 
that paris green has considerable value as a fungicide—at least 
one-third as much as bordeaux. Rows treated with paris green 
in water outyielded the check rows by 46 bushels per acre. 

Rows treated with paris green in lime water yielded 12 bushels 
per acre less than those receiving paris green in water; but it 
is possible that this difference was the result of natural variation 
and not due to the lime. 

Rows receiving paris green in bordeaux gave slightly larger 
yield than rows receiving bordeaux only. 

In an experiment with arsenite of lime, arsenite of soda stock 
solution prepared by the Kedzie formula was applied with lime 
water and also with bordeaux. In lime water it injured the 
foliage severely although two pounds of quicklime were used 


— 


*A reprint of Bulletin No. 267. 
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for each pint of the stock solution; but in bordeaux mixture con- 
taining the same quantity of arsenite of soda solution and of 
lime there was no apparent injury. It is clear that arsenite of 
soda may be much more safely used with bordeaux than with 
lime water. 

Rows treated with bordeaux alone outyielded rows treated with 
arsenite of soda in bordeaux by 34 bushels per acre. This sug- 
gests that the arsenite of soda may have been harmful although 
not showing any effect on the foliage. However, this is very 
doubtful. There is good reason to believe that, in this experi- 
ment, the foliage indications are more reliable than the yields. 

The chief conclusions reached are: 

(1) That paris green is not injurious to potato foliage if ap- 
plied in moderate quantity with lime water or bordeaux mixture 
evenly distributed ; 

(2) That paris green has considerable fungicidal value; 

(3) That arsenite of soda should not be applied to potatoes 
except with bordeaux mixture. 


INTRODUCTION. 


Certain arsenical preparations, when used as insecticides, bear 
an important relation to crop production in the United States. 
It is unquestionably true that many farm and orchard crops 
could not now be successfully grown in a great majority of years 
without some means of preventing the ravages of insect pests. 
This is especially true of the potato crop, because of the depreda- — 
tions of the Colorado beetle. That serious harm from this pest 
can be prevented by the use of certain arsenical compounds has 
been demonstrated bevond question; and when we remember that 
approximately 400,000 acres of potatoes are annually grown in 
New York, baving a value of nearly $16,000,000, we realize the | 
important place that paris green and other insecticidal prepara- 
tions occupy in our farm practice. 

Very much has been said in a vague way about the injuries to 
potatoes and other crops from the application to their foliage of 
arsenical compounds. Undoubtedly such injuries have occurred 
in many instances but whether these have been occasioned by an 
unavoidable effect of the arsenic compounds or whether they 
have been due to a misuse or injudicious application of these com- 


New York AGRICULTURAL EXPERIMENT STATION. 197 


pounds is not always clear. Within quite recent years it has 
been freely claimed on the part of some writers and speakers that 
paris green is a substance which may not be safely applied to 
the potato plant. There is a somewhat justifiable suspicion that 
these claims have not always been entirely impartial but that 
they have been made to some extent in the interests of non- 
arsenical preparations. It is worth while to determine, as a fun- 
damental fact, whether, when properly used, paris green and other 
arsenic Compounds are in any way deleterious to the potato plant. 
It is scarcely a good argument to say that this material is unsafe 
for use because it may be misused by unintelligent or careless 
farmers. There are very many utilities which would be excluded 
from the farm if they were to be discarded on the basis of possi- 
ble misuse. The real question is, then, does paris green do the 
potato plant any injury when applied under proper conditions? 
The experiments, the results of which are given in this bulletin, 
were planned with a view of studying this specific question. These 
results are interesting and so far as a single season’s observations 
are concerned they are conclusive. 


HISTORICAL. 
PARIS GREEN. 


The use of paris green as an insecticide dates from some time 
between 1869 and 1870, soon after the Colorado potato beetle 
became a destructive pest in the Western States.t| Exactly when 
and by whom it was first used is not known. It was early ob- 
served that some tender kinds of foliage were frequently injured 
by the paris green. In 1890, Gillette,* at the Iowa Station dis- 
covered that this injury may be avoided by using the paris green 
with milk of lime, or, better still, with bordeaux mixture. In 
1891, Kilgore’? at the North Carolina Station showed that the 
injury is due to soluble arsenic in the paris green; and that the 
value of lime as a preventive of the injury lies in its ability to 
change soluble arsenic into insoluble arsenite of lime. He also 
observed the insolubility of arsenites in bordeaux mixture and 

aT pdenan: E. G. The Spraying of Plants, p. 60. The MacMillan Co. 
New York and London, 1899. 

2Gillette, C. P. Experiments with Arsenites. Iowa Exp. Sta. Bul. 10: 
410-413, 416. <Aug., 1890. 


®Kilgore, B. W. North Carolina Exp. Sta. Bul. 77b (Technical Bul. 2). 
July, 1891. 
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drew the conclusion: “ That bordeaux mixture prevents the solu- 
bility of the arsenites and their injury to foliage by virtue of its 
lime.” Weed* at the Ohio Station had previously (in 1889) 
pointed out the desirability of combining insecticides with fungi- 
cides. 
In recent years it has been very generally advised that paris 
green and other arsenical insecticides be not used alone but 
always in combination with milk of lime or with bordeaux mix- 
ture. Most fruit growers have now adopted this method, but 
many potato growers still persist in using paris green alone. 
The potato is less liable to arsenical injury than most other 
‘plants which require spraying; but it is an indisputable fact that 
the use of paris green on potatoes, as practiced by farmers, often 
results in serious injury to the foliage. Many cases of supposed 
blight are nothing: but paris green injury. Jones of the Vermont 
Station was first to direct attention to this and give a detailed 
description of the svmptoms of arsenical poisoning. He says:® 
“The poisoning or ‘burning’ of potato leaves by improper appli- 
cations of paris green is of more general occurrence than is com- 
monly supposed and the resulting injuries are frequently attrib- 
uted to the ‘early blight’ fungus. In cases of extremely strong 
applications of the paris green the leaves may be entirely killed 
or large areas ‘burned’ within a short time. Usually, however, 
its action is slower and longer continued. Its effects are then 
apparent as dead spots, black or brown in color, centering about 
flea-beetle punctures or other mutilations of the leaf. .* * * 
These spots slowly continue to enlarge for some time and as a 
result of the slow death and drying of the tissues the surface of 
each spot is thrown into concentric elevations or ridges forming 
distinctly ‘ringed spots. * * * These spots so closely resem- 
ble those caused by the ‘early blight’ fungus that they are ex- 
tremely deceptive.” Continuing, he points out the symptoms by 
which early blight and arsenical poisoning may be distinguished. 
It should be noted that Jones attributes the injury to improper 
applications of paris green. . 


*Weed, C. M. On the Combination of Insecticides and Fungicides. Agri- 
cultural Science, 3:263. Oct., 1889. See also Ohio Exp. Sta. Bul., Vol. I, 
No. 7, p. 186. Nov., 1889 j 

*Jones, L. R. Potato Blights and Fungicides. Vt. Exp. Sta. Bul. 49:97. 
Dec., 1895. 
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ARSENITE OF LIME. © 


Excepting paris green, the most popular insecticide for use on 
potatoes is white arsenit applied in the form of arsenite of lime. 
The insecticidal properties of white arsenic have been known for 
more than fifty years.° In 1871 Saunders and Reed* in Canada 
tested it on potatoes for the Colorado potato beetle. It was mixed 
with flour and applied’ dry. The results indicated that when 
applied sufficiently strong to kill the beetles it caused more or less 
injury to the foliage. Because of its caustic properties it was 
rarely used until after the publication of Kilgore’s formula in 
1891. Kilgore recommended’ “ boiling together for one-half hour 
in 2 to 5 gallons of water: 


1 pound commercial white arsenic 
2 pounds commercial lime, 


and diluting to required volume, say 100 gallons.” In this way 
the arsenic is changed into insoluble arsenite of lime and made 
safer to use on foliage. 

In 1897, Kedzie of the Michigan Agricultural College published 
what has come to be widely known as the “ Kedzie® formula.” It 
is essentially as follows: 


See Rem en RLy paeheesre nia se Peon scs Ml sha x) <p dcaced cao agiado susnener eae 2 pounds 
Pe a, WA SIE SSO). a so coiis. soa fon Sho.iefone-oie ete ie els reel e 8 pounds 
Water che 6) ee “es 6 se 2 ee 6 Siete o 62 e/'e, 5 0 6 oer ee eo @ ry Re Oe a eS 2 Ga I] Ons 


Boil 15 minutes or until the arsenic dissolves, leaving only a 
small quantity of muddy sediment. Replace the water lost in 
boiling. This makes a stock solution of arsenite of soda which 
may be placed in tightly stoppered jugs and kept on hand for 
use as needed. In preparing the spray mixture use two pounds of 
freshly-slaked lime with each pint of the stock solution in the 
desired quantity of water or bordeaux mixture. The arsenite 
of soda and the lime unite to form arsenite of lime. The arsenite 
in one pint of the stock solution is equivalent to four ounces of 
paris green. 


®Lodeman, HE. G., Loc. cit., p. 75. 

*Saunders, W., and Reed, E. B. The Canadian Entomologist, 3:46 July, 
1871. 

* Kilgore, By, Ws, Loe. n Clty De «7. 

*Kedzie, R. C. The M. A. O. Record, March 9, 1897. A verbatim copy 
of this article may be found in Bulletin 152 of this Station, p. 300. 
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The chief advantage of this formula over the one recommended 
by Kilgore is that the union of the arsenic and lime is more cer- 
tainly accomplished. : 

Both the Kilgore and the Kedzie formulas are now used to a 
considerable extent. Prepared by either formula, white arsenic 
is a cheaper poison than paris green, quite as efficient and settles 
to the bottom of the spray tank less readily. For these reasons 
it is coming into popularity with orchardists and potato growers, 
although its use sometimes results in injury to the foliage. 


THE EXPERIMENT WITH PARIS GREEN. 
PLAN AND METHODS. 


The experiment included 25 rows of potatoes 290.4 feet long 
and three feet apart, each row having an area of one-fiftieth acre. 
The potatoes were of the variety Rural New Yorker No. 2. ‘They 
were planted by hand May 27, 15 inches apart in the row. Hach 
row received ten pounds of commercial fertilizer applied by hand 
as uniformly as possible in the furrows before planting. The 
potatoes came up uniformly and well making nearly a full stand 
of plants. 

The 25 rows were divided into five series of five rows each and 
each series was sprayed in a different manner as follows: 


Series I. Rows 1, 6, 11, 16, 21. Check. Not sprayed. Bugs 
hand picked, 

Series II. Rows 2, 7, 12,17, 22. Sprayed 4 times, paris green 
in water. 

Series ITI. Rows 8, 8, 138, 18, 23. nae 4 times, paris ereen 
in lime water. 

Series [V. 4, 9, 14, 19, 24. Sprayed 4 times with paris green 

in bordeaux and once with bordeaux alone. 
' Series V. Rows 5, 10, 15, 20, 25. Sprayed five times wire bor- 
deaux alone. Bugs hand picked. 


The rows of Series I received no insecticide or fungicide of any 
kind. As soon as Colorado potato beetles appeared they were 
gathered by hand. Fortunately they were less numerous than 
usual, making it possible to control them completely by going 
over the plants every other day or, at most, once a day. 
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The paris green was invariably used at the rate of one pound 
to fifty gallons of water, lime water or bordeaux as the case might 
be. The spraying was done thoroughly and uniformly with a 
knapsack sprayer, always going over the plants twice—out on 
one side of the row and back on the other. 

First spraying.—The first spraying was made July 7. At this 
time the plants were 7 to 9 inches high, .very vigorous and with 
foliage almost perfect. There were no flea-beetles and only a few 
colonies of newly-hatched Colorado potato beetles. - Series II re- 
ceived paris green in water, one pound to fifty gallons; Series ITI, 
paris green in lime water prepared by mixing two pounds of 
freshly-slaked lime with 50 gallons of water and then adding one 
pound of paris green; Series IV, paris green in bordeaux at the 
rate of one pound to 50! gallons of bordeaux prepared by dissolv- 
ing six pounds of copper sulphate in 50 gallons of water and add- 
ing lime slightly in excess of the quantity required to satisfy the 
yellow-prussiate-of-potash test; Series V, bordeaux only (some 
of the same lot as that used on Series IV, betore adding paris 
green). 

In this spraying, all mixtures were applied at the rate of 125 
gallons per acre. The first rain following the spraying was a 
heavy shower:on July 9. 

Second spraying.—-This spraying was made July 22. The plants 
were very thrifty. A few were showing blossoms. Much of the 
bordeaux had been washed off by rain and a large amount of new 
foliage had grown since the previous spraying. ‘There were no 
flea-beetles. A few hills here and there were badly infested with 
Colorado potato beetles. Series II and III were treated exactly 
as in the first spraying. On Series IV and V the treatment was 
the same as in the first spraying except that the bordeaux was 
_made by the 6-6-50 formula. All spray mixtures were applied 
at the rate of 125 gallons per acre. 

In this spraying an error was made. Rows 8, 9, 10 and Il 
were given the wrong treatment. This necessitates the rejection 
of these rows in making up the results of the experiment. 

During the first night following the spraying it rained lightly 
all night, and on the day following there were showers alternating 
with periods of sunshine. 
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Third spraying.—The third spraying was made July 29. By 
this time the vines were so large that the branches of plants in 
adjacent rows touched. Potato beetles were well under control 
and there were no flea-beetles. Series II and III were again 
treated as in the first spraying, except that a larger quantity of 
Spray mixture was used. On Series IV and V the treatment 
was the same as in the first spraying except that the bordeaux 
was made by the 6—4—50' formula.?® This time all spray mixtures 
were applied at the rate of 175 gallons per acre. On July 31 the 
‘rainfall was .02 inch and on August 1, .52 inch. 

Fourth spraying.—This spraying was made August 12. The 
day being bright, the spray dried on the foliage quickly. The 
rows of Series I, II and [III were much affected with late blight. 
On Series III less lime was used in this spraying than in former 
ones, the formula this time being one pound paris green, one 
pound lime, fifty gallons water. The other three series were 
treated as in the first spraying. All applications in this spraying 
were at the rate of 225 gallons per acre. Following this spray- 
ing rain fell on August 13, 16, 17, 19 and 20. 

Fifth spraying—tThe fifth and last spraying was made August 
25. There were no flea-beetles and no Colorado potato beetles. 
The rows of Series If and III were now so much affected by 
blight that it would be difficult to detect paris green injury 
should any occur. Consequently, there was no object in using 
paris green, and so it was omitted in this spraying. In spite of 
the frequent rains since the fourth spraying the rows of Series 
IV and V were still so thoroughly covered with bordeaux that 
they scarcely needed spraying. However, it was done with the 
bordeaux prepared as in the first spraying, the rate of applica- 
tion being 200 gallons per acre. 

Chemical analysis of the paris green.—Paris green is variable 
in chemical composition. The greater the percentage of soluble 
arsenic contained in it the greater the liability of its injuring 
foliage.* Hence it is important to know the chemical composi- 


Six pounds of copper sulphate, four pounds of lime and 50 gallons of 
water. 

J. K. Haywood has reported (U. S. Dept. Agr. Bureau of Chemistry Bul. 
82) the results of some paris green spraying experiments which “ were 
undertaken to show how much soluble arsenious oxide may be present in 
samples of paris green used for spraying purposes without injury to the 
foliage” of certain fruits. So far as known to the writers no such work 
has been done for the potato plant. 
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tion of of the paris green used in this experiment. It was pur- 
chased of a Geneva merchant for 16 cents per pound. Analyses 
made by Mr. W. H. Andrews gave the following results: 

Bema CCN TOUS SOX LOE: © i. sidn, cai sh eons nig hell wild» whe late 59.85 per ct. 
MIRC OTC T LOX LOG 035 caida aguletetnne ote acta at ores ew are 27.63 per ct. 


Soluble arsenic oxide obtained by treating one gram with one 


liter of water: 
Treated 24 hours. 


AME VME RS ke bhai pce rests on abe siahy cals! oo Mew tai) ie eee» 1.83. per ct. 
=) PEEL EE leg ohn knelt Pr, COO PSS aE TPO sah 2.08 per et. 
aes We Se et dy ets pris ois a choapeycttsieds Foteyels L216 persce 
| Treated 10 days 
RRNA ORL ile te i ccetc Gk 3 Soha hgaR a ous at w sinners © Seta gsm a Gees 6.81 per ct. 
BR SILLY GIS. ies 6 we.e 0 00's wget Na Pete ea ee abe el: 6.81 per ct. 
RESULTS. 


Effect on the foliage.—Throughout the entire experiment there 
were no indications that the paris green caused any injury to 
the foliage whatever. While looking for such injury on July 9, 
it was observed that occasionally a leaf was affected with a trou- 
ble diagnosed as sunscald. On the tips and margins of some 
of the leaflets of the younger leaves there were dead, copper- 
colored areas one-half inch to one inch across. They were not 
sufficiently numerous to attract the attention of a casual obser- 
ver. It is believed that they were caused by the action of the 
sun (on July 8) on tender, rapidly growing foliage. Certainly, 
the paris green had nothing to do with them, for they were 
quite as numerous on the check rows as on the rows treated with 
paris green. 

The only other dead spots on the leaves were those caused by 
late blight, Phytophthora infestans, and these could be easily 
and positively identified by the presence of the fungus. There 
were no spots of early blight or anything resembling 1t. 

Effect on late blight.—An unexpected result of the experiment 
was the discovery that paris green is of considerable value as a 
preventive of late blight, Phytophthora infestans. Traces of 
this disease were first seen’ on the check rows (Series I) July 
23. By August 2 the rows of Series I, II and I1I were plainly 
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showing blight and there was evidently more of it on the check 
rows than on the adjacent rows treated with paris green 
in water or on those treated with paris green in lime water. 
Series IV and V, sprayed with bordeaux, were not affected. 

On August 10 the check rows were seriously affected and the 
superiority of the rows treated with paris green was pronounced. 

On September 8 the check rows were nearly dead from blight, 
while the rows receiving paris green (Series II and III) still re- 
tained about one-half their foliage and the rows receiving bor- 
deaux (Series [IV and V) were in almost full foliage. It was 
very plain that the application of paris green had materially 
checked the blight but that the bordeaux lad been much more 
effective. The rows treated with paris green in water and those 
treated with paris green in lime water were equally blighted and 
there was no apparent difference between the rows treated with 
bordeaux and paris green and those treated with bordeaux 
alone. 

On September 16, Rows 14, 15, 16, 17 and 18 were photo 
graphed (See plate XVII).*? Row 14 (bordeaux and paris green) 
and Row 15 (bordeaux only) were about equal. Two-thirds 
of their foliage was still green. On Row 16 (check) the plants 
were all dead and dry over at least one-half the length of the 
row.’? Row 17 (paris green in water) and Row 18 (paris green 
in lime water) were about equal. Both were superior to the 
check, but markedly inferior to the bordeaux rows Nos. 14 and 
15. Most of the plants were still alive with tufts of green 
leaves at their tips. 

Effect on the yield.—The potatoes were dug by hand on Oc- 
tober 17 and 18. The product of each row was carefully sorted 
into two sizes, marketable and unmarketable, and the weight of 
each size taken. All tubers showing the least sign of rot were 
rejected. On all of the rows there was an occasional rotten 
tuber, but they were so few that no record of their weight was 
kept. Moreover, on Series I, II and III most of the affected 


122Jn order to bring out better the condition of the foliage on the different 
rows a white back-ground was made by sifting air-slacked lime over the 
ground under the plants. 

123Row 16 fell in a dead-furrow and for that reason its yield was left out 
of consideration in making up the yields of the different series. However 
this had no bearing on the blighting of the tops. Plants are neither more 
nor less subject the late blight for being in a dead-furrow. 
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tubers were so far advanced in decay that it would have been 
impossible to determine their weight accurately. The yields 
are shown in the accompanying table: 


TaBLE I.—SHOWING YIELDS IN THE Paris GREEN EXPERIMENT, 


YIELD PER Rowl!4, | YIELD PER ACRE 

















Section. Row. TREATMENT. “oe | aes 
arket- arket- 

abla Small. aiile: Small. 
Lbs. Lbs. |Bu. lbs. |Bu. lbs. 
A Pe iCheck, Notisprayed Jc. ens 5 << 215 26 |179 10/21 40 
2 |Paris green in water............. 2634 Soul lL OO 30 
3 |Paris green in lime water........ 249 34 1207 30/28 20 
4 |Paris green in bordeaux Sie sate sth ai 3854 224/321 15/18 45 
Do | Bordestuxonly a, ows ccs seveisiere ane 3693 18 |307 55/15 =~ 
B 6 |Check. Not sprayed............ 220 31 (183 20/25 50 
Paris green IN WAGED. 6 005 ce wie ves 272 30 |226 40/25 od 
815 |Paris green in lime water........ 2494) S28\207\— -5bDi2020 840 
915 |Paris green in bordeaux......... F 3754 214/312 55/17 55 
1015 |Bordeaux only..... 5 ea des oie oh 400 PAN B EB Be ON lrg 30 
Cc 11 |Check. Not sprayed............ 297 21 |247 30/17 30 
12 |Paris green in water............. 279 274/232 30/22 55 
13 |Paris green in lime water........ 2774 314/231 15|26 15 
14 |Paris green in bordeaux.......... 417 21 \347- °30)17 30 
Loe Bordesux only. cs sco ccss cs le-stea 3803) 18 |317 fay less — 

| 

D 1616 Check. Not sprayed............ 1554 3741129 35/381 15 
17_'|Paris green in water............ 271 42 |225 50/35 — 
18 {Paris green in ilme water........ 258 Srii2ls ~— 130 50 
19 |Paris green in bordeaux.......... 4024) 20 4335 9 125/16 40 
ZO er BOrdeauxOnlLyese cates elec oiele’s 4084 26 1340 25/21 40 
E 21 \Check. Not sprayed..........;. 195 87 1162 30/30 50 
22 |Paris green in water............- 255 35 |212 30/29 10 
23 (Paris green in lime water........ 245 38 |204 10/31 40 
24 |Paris green in bordeaux.......... 382 22 |318 20/18 20 
ZH OLGCAMUX ODLY;64-. cneisie.es o/s haa ose 365 | 1934|\304 10/16 15 


%4Length of rows, 290.4 feet. 
Tn the second spraying these rows were wrongly sprayed as follows: 
Row 8. Paris green in water. 
Row 9. Paris green in lime water. 
Row 10. Paris green in bordeaux. 
m Row 11. Bordeaux only. 

In a dead-furrow. 

As was to be expected from the condition of the foliage, the 
rows treated with paris green in water (Series II) and those 
treated with paris green in lime water (Series III) gave consid- 
erably larger vields than the check rows, while the rows receiving 
bordeaux mixture (Series IV and V) far outyielded all the others. 
Owing to an error made on Rows 8, 9, 10 and 11 in the second 
spraying the yields of these rows must be left out of considera- 
tion. The very low yield of Row 16 is due to its being in a dead- 
furrow, and so this row, also, should be rejected. 


é 
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Although there was no error of any kind in connection with 
Rows 12, 13, 14 and 15 it is not entirely fair to use them in mak- 
ing up the average yields of the different series because the rejec- 
tion of Row 16 leaves them without a proper check. Accordingly, 
Rows 8 to 16 inclusive have been omitted in preparing the 
following table: 


Taste II.—Y1IEup By SERIES IN THE Paris GREEN EXPERIMENT, 


bh Se cr 
[SERIES. Rows. Treatment. va pha ue 
acre. 

Bu. lbs. 

VASE A eS ecer La Grand? 213s Check; not sprayed; bugs hand picked...... 175 _ 

bb aie ee ee 2, 7,17 and 22..| Paris green in water, four times............ PPA 9 

ED Rete crete oe 3, 18 and 23.....| Paris green in lime water, four times....... 208 53 
BViAS. Sota in 4,19 and 24.....| Paris green in bordeaux four times and bor- 

deauxalone once =. ene fees tien aoe - 

Vee cote yasare ove sale | 5, 20 and 25.....| Bordeaux alone, five times; bugs hand picked] 317 30 








Paris green in water increased the yield 46 bu. 9 lbs. per acre. 
Paris green in lime water increased the yield 33 bu. 53 Ibs. per 


acre. 
Paris green with bordeaux imcreased the yield 150 bu. per acre. 
Bordeausz alone increased the yield 142 bu. 30 lbs. per acre. 


Discussion of results——The results of this experiment do not 
support the belief that paris green is injurious to the potato plant. 
On the contrary, it appears that paris green, properly applied, 
may be decidedly beneficial in preventing the ravages of late 
blight. At no time in the course of the experiment was there 
any indication that paris green had injured the foliage. From 
August 2 until the end of the season the rows receiving paris 
green were conspicuously more perfect in foliage than were the 
rows without paris green. Likewise, the yield was in favor of 
the rows receiving paris green. The rows treated with paris 
green in bordeaux (Series IV) yielded slightly more on the aver- 
age than the rows treated with bordeaux only (Series V), al- 
though the bordeaux in both cases was exactly the same. The 
only difference in the treatment of the two series was the use of 
paris green in the first four sprayings on Series IV. It is not 
certain that the paris green was responsible for the increased 
yield on Series IV, but in view of the fact that paris green has 
considerable fungicidal value it is not an unreasonable conclusion 
that such was the case. At least, the paris green did no harm. 
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It is worthy of note that in every section the row treated with 
paris green alone outyielded the adjacent row treated with paris 
green in lime water, the average difference being at the rate of 
12 bushels, 16 pounds per acre. This difference is so small that 
it is not safe to base a conclusion upon it, but it suggests that the 
lime may have been detrimental. Of course there is no reason to. 
believe that the lime injured the foliage. As a matter of fact 
there was no evidence of any injury, but it is possible that the 
lime counteracted the fungicidal action of the paris green. As 
there was no tendency to paris green injury in the experiment 
no benefit from the lime could be expected. Had the conditions 
been such as to induce paris green injury the results of the experi- 
ment would undoubtedly have been in favor of the lime. We 
would not discourage the use of lime with paris green when the 
choice lies between using the paris green alone and using it in 
lime water. However, we believe that the best method of all is 
to use the paris green always with bordeaux mixture. 

That paris green possesses some value as a fungicide is not a 
new idea. As early as 1891 Goff'? at the Wisconsin Station 
Showed that apple scab may be materially checked by spraying 
with paris green in lime water. In experiments made by Lode- 
man’*® in 1892 paris green used alone reduced the injury from 
scab on King apples 17.7 per ct. and on Baldwins 7 per ct. The 
use of paris green and land plaster as a preventive of potato 
blight was suggested as early as 1886.1° However, little or no 
attention was given the matter. The superior merits of bordeaux 
mixture as a fungicide have so overshadowed those of paris green 
that the fungicidal properties of the latter have been lost sight 
of completely. Time and again the statement has been made that 
paris green is not a fungicide. Ags recently as 1903, Jones and 
Morse” in discussing the results of a potato spraying experiment 
at the Vermont Station concluded that, “ Neither paris green nor 
bug death used alone have any value in checking late blight.” 

In the experiment here at Geneva the results were so striking 
that there can be no doubt that paris green materially checked the 

Goff, E. 8. U.S. Dept. Agr. Rep. for 1891, p. 364; and Wis. Exp. Sta. 
Rep. 9: 264. > 

1®Lodeman, E. G. Cornell Exp. Sta. Bul. 48: 272. 

2B. F. J. in Country Gentlemen for May 27, 1886, p. 405; see also Lode- 


man, Spraying Plants, p. 98. 
2 Jones, L. R. and Morse, W. J. Vt. Exp. Sta. Rep. 16: 160. 
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potato blight and thereby increased the yield at the rate of 46 
bushels per acre. However, it should be noted that late blight 
was exceedingly virulent at Geneva in 1904 and that the quantity 
of paris green used (about 12 pounds per acre) was larger than 
farmers usually apply. It should be noted, also, that under 
parallel conditions 5 sprayings with bordeaux mixture increased 
the yield 14214 bushels per acre. Thus it appears that paris green 
has at least one-third the fungicidal value of bordeaux mixture. 

Jones?! has called attention to the fact that paris green injury 
is especially liable to occur where the epidermis of the potato leaf 
has been broken, as for example, around the punctures made by 
flea beetles. In this experiment there were no flea beetles, but 
Colorado potato beetles mutilated the leaves on some of the plants 
without any paris green injury resulting therefrom. 

The failure of paris green to produce injury in this experiment 
cannot be attributed to unfavorable weather conditions. 
Throughout the season there was an abundance of rain which is 
generally regarded as favorable to paris green injury. 

As previously stated, the chemical composition of paris green 
is variable. Some samples contain a larger percentage of soluble 
arsenic compounds than others and consequently some are more 
liable to injure foliage than are others. In some states this is 
regulated by law. In New York legal paris green must not con- 
tain move than 314 per ct. of soluble arsenic compounds. Analy- 
ses made at this Station show that the great majority of the paris 
green offered for sale in New York complies with the law.?2 As 
regards the content of soluble arsenic the paris green used in this 
experiment is fairly representative of the paris green found on 
the market. 

The conclusion is that partis green is not injurious to potato 
foliage when properly applied; that is, in moderate amount (one 
to two pounds per acre) with lime water or bordeaux mixture 
evenly distributed over the foliage. 


THE EXPERIMENT WITH ARSENITE OF LIME. 
PLAN AND METHODS. 


This experiment included 20 rows 290.4 feet long and three 
feet apart, each row having an area of one-fiftieth acre. The 


1 Jones, L. R. Vt. Exp. Sta. Bul. 49: 97. 
See Bulletins 204 and 222 of this Station. 
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PLATE XVIII.—ARSENICAL INJURY TO POTATO FOLIAGE. 


Bordeaux mixture superior to lime water as a preventive of such injury. Plant (at left) 
treated with arsenite of soda in bordeaux, uninjured; plant (at right) treated 
with arsenite of soda, severely injured. 
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potatoes were of the variety Rural New Yorker No. 2. They 
were planted May 28, 15 inches apart in the row. Each row re- 
ceived ten pounds of commercial fertilizer applied by hand as uni- 
formly as possible in the furrows before planting. For some 
reason not well understood Rows 18 to 20 inclusive did not come 
up as well as they should. However, there was a fair stand of 
plants. 

The 20 rows were divided into four series of five rows each 
as follows: 


Series I. Rows 1, 5, 9, 18, 17. Check. Not sprayed. Bugs 
hand picked. 

Series II. Rows 2, 6, 10, 14, 18. Sprayed 4 times, arsenite of 
soda in lime water. 

Series IIT. Rows 3, 7, 11, 15,19. Sprayed 4 times with arsenite 

| of soda in bordeaux and once with bordeaux alone. 

Series IV. Rows 4, 8, 12, 16, 20. Sprayed 5 times with bordeaux 
alone. Bugs hand picked. 


The rows of Series I received no insecticide or fungicide of any 
kind. Bugs were removed by hand picking as in the experiment 
with paris green. 

The stock solution of arsenite of soda was prepared by the Ked- 
zie formula given on page 199. In different sprayings the quanti- 
ty used varied from 2 to 4 pints in 50 gallons. When used with 
lime water (Series I1) two pounds of quicklime was added for 
each pint of the arsenite-of-soda solution. As in the paris green 
experiment, the spraying was done thoroughly, and uniformly 
with a knapsack sprayer. 


FIRST SPRAYING. 


The first spraying was made on July 7 and 8 when the plants 
were 6 to 8 inches high.** The rows of Series [I were’ sprayed 
with the following mixture: —4 pints stock solution of arsenite 
of soda, 8 pounds quicklime and 50 gallons water. The lime was 
slaked slowly as for whitewash and afterward diluted to 50 
gallons. The arsenite-of-soda stock solution was then added and 
after thorough stirring spraying was begun at once. 


— 


*8 Series IV on July 7, the other three series on July 8. 
14 
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On Series III the following mixture was used: 6 pounds copper 
sulphate, 414 pounds quicklime, 8 pints of the arsenite-of-soda 
stock solution and 50 gallons of water.** The copper sulphate, 
lime and water were first’ made into bordeaux mixture, the 
arsenite of soda then added and spraying begun at once. 

On Series IV bordeaux alone was used. 

In all cases the spray mixtures were applied at the rate of 100 
gallons per -acre. 

On July 12, 1.92 inches of rain fell. The following day it was 
observed that the rows of Series II, sprayed with arsenite of soda 
in lime water, were showing spray injury. The extent of the 
injury was not great enough to materially affect the crop, but 
there was positive injury. Leaves here and there were showing 
dead brown areas of various shapes and sizes. Some of the 
spots were on the margins of the leaves and others on the 
interior. Certain weeds, also, were injured; namely, rough pig- 
weed (Amaranthus retrofierus), yellow foxtail (lxophorus 
glaucus) and Polygonum sp. Lamb’s quarters (Chenopodium 
album) was wholly uninjured. 

On the rows of Series III, where the arsenite of soda had been 
applied with bordeaux there was no evidence of spray injury. 
The check rows, also, were perfect in foliage except for traces of 
sunscald as in the paris green experiment (See page 203). 


SECOND SPRAYING. 


This spraying was made July 238 and 25.7% ‘Series II was 
sprayed with 3 pints of arsenite of soda and 6 pounds of lime in 
50 gallons of water. Series III received bordeaux mixture (6— 
6-50 formula) with 3 pints of arsenite of soda to 50 gallons 
added just before spraying was begun. Series IV received only 
bordeaux of the 6—6—50 formula. | 

In this spraying all spray mixtures were applied at the rate of 
150 gallons per acre. 

At 4 p. M.** July 26 the rows of Series II, sprayed the day 
before, were found to be considerably injured as in the previous 


* This formula was used by mistake. It was intended to use 6 lbs. copper 
sulphate, 8 lbs. lime and 4 pints arsenite of soda in order to make this 
series strictly comparable with Series I. 

*'The rows of Series IV and Rows 3, 7 and 11 of Series III, were sprayed 
on the afternoon of July 23. It then commented to rain and there was no ~ 
opportunity to finish the spraying until July 25. 

*°'There was a shower at 2 P. M. 
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spraying. Leaves of all ages were affected with large copper- 
colored dead spots, some of which closely resembled the spots of 
late blight (See Plate XVIII). The rows of Series [II were not 
in the least injured. . 

THIRD SPRAYING. : 

The third spraying was made August 1. The quantity of 
arsenite of soda was again reduced. Series II was sprayed with 
2 pints of arsenite of soda and 4 pounds of lime in 50 gallons of 
water, while Series III received the same amount of arsenite of 
soda in bordeaux made by the 64-50 formula. Series IV re- 
ceived only bordeaux of the same formula. 

The rate of application was 200 gallons per acre. 

But little if any injury resulted from this spraying. 

FOURTH SPRAYING. 
The fourth spraying was done August 12, as follows: 
Series I. Check. Not sprayed. 
Series II. 2 pints arsenite of soda+ 4 pounds lime + 50 gallons 
water. 
Series III. 2 pints arsenite of soda+ 50 gallons bordeaux (6— 


4—50 formula). 
Series IV. Bordeaux only (6—-4—-50 formula). 


The rate of application was 225 gallons per acre. 
On August 20 it was observed that Series II had been severely 
injured by the spraying, but Series III showed no trace of injury. 


FIFTH SPRAYING. 


The fifth and last spraying was made August 30 on Series III 
and IV with bordeaux only. Series IT was so nearly dead from 
blight and spray injury that there was no object in further treat- 
ment. Probably only about one-fifth of the foliage on Series II 
was alive on this date. The check rows still retained about one- 
fourth their foliage, the remainder having been killed by blight. 

On September 16, Rows 5, 6, 7 and 8 were photographed. (See 
Plate XIX.) Row 5 (check) and Row 6 (arsenite of soda in lime- 
water) were entirely dead and the stems dry. Row 7 (arsenite 
of soda in bordeaux) and Row 8 (bordeaux only) were equal 
in appearance. About three-fourths of the foliage on these rows 


was still green. 
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YIELDS, 


The potatoes were dug by hand on October 22. The method 
of sorting and the loss from rot were the same as in the paris 
green experiment. (See page 204.) The yields are shown in 
Tables III and IV. 


TasLE III.—Y1IELps IN THE ARSENITE OF LIME EXPERIMENT. 





YIELD PER Row. | YIELD PER ACRE. 





Section. | Row. TREATMENT. a rakate ae Vale eee 
arket- arket- 

able. Small. able. Small. 
Lbs. Lbs. |Bu. lbs.|Bu. lbs. 
A 1 Check feo ae See Sea ea aitees 188 51 1156 40/42 30 
2 |Arsenite2? + lime water.......... 118 59 | 98 20/49 10 
3 |Arsenite + bordeaux...........- 4114 40 |342 55/33 20 
4 -|Bordeaux only, icin Fes.s ce os oe-eare 379 L7. |S1oee50) 1 10 
B $5; gal CHECK Yi cre sch ts. os Sie Oe creaseaie ate 1624 56 1185 25/46 40 
6 |Arsenite + lime water........... 100 47 | 83 20/389 10 
7 |Arsenite + bordeaux..........-.. 411 28 |342 30/23 20 
8 | Bordeaux only sins ek caanverste penne 414 24 1345 —|20 —_ 
C OQ Cheek Saatonisiehec cere estore oteeas ess 188 + 39) {Loo rao 40 
10 ‘Arsenite + lime water........... 111 46 | 92 30/388 |. 20 
11 |Arsenite + bordeaux...........- 389 14 |324 10/11 40 
12 > Bordeaux only 242. acne reiete cle tere 4023 15 |355 =.) 12 30 
D 13 DA Check iig. aoc oe hie a oie etiee see 181 39 1150 50/32 30 
14 |Arsenite + lime water........... 1264 24/1105 25:20 — 
15 |Arsenite + bordeaux............ 241 11 |200 50 9 10 
16.) Bordeaux only ...cccc css see oe 345 9 |287 30 7 30 
E LgiS CheOGle aaa ches cies cede ace eletein cithete eee 135 15 (1127730 12 30 
18 |Arsenite + lime water........... 113 25%| 94 1021 15 
19 {Arsenite + bordeaux............ 322 10 |268 20 8 20 
20.) Bordeaux.only. 2. 3. com cee 43 84/365 — 7 5 

i 





TasBLE IV.—YIELD BY SERIES IN THE ARSENITE OF LiME EXPERIMENT. 








Yield of 
SERIES. Rows. Treatment. pari es 
per acre. 
Bu. Lbs. 
[iiteeuston ses 1, 5,9, 138 and 17| Check; not sprayed; bugs hand picked...... 142 25 
Liaaioee eae , 6, 10, 14 and| Sprayed 4 times, arsenite of soda in lime 
LESS ore as nae Water istis sche’: ah aos ce aie Ate eh oe 94 45 
[8 ey es 3, 7, 11, 15 and| Sprayed 4 times with arenite of soda in bor- 
OS ae ee renee deaux and once with bordeaux alone...... 295 45 
IVS de ees 4, 8, 12, 16 and| Sprayed 5 times with bordeaux alone; bugs 
20 St eae hand=pickOd.s sinssn cs ce sil a iets wis caste staueiaes 329 45 





Arsenite of soda in lime water reduced the yield 473 bu. per acre. 
Arsenite of soda with bordeaux increased the yield 153% bu. per acre. 
Bordeaux alone increased the yield 1874 bu. per acre. 


DISCUSSION OF THE RESULTS. 


From the results of this experiment it appears that the use of 
arsenite of soda in lime water on potato foliage is attended with 


*7Arsenite of soda stock solution. 
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considerable risk. Injury to the foliage resulted from the use of 
8 pints of arsenite of soda per acre in the first spraying and 9 
pints per acre in the second and fourth sprayings. Based on the 
arsenic it contains, nine pints of the arsenite-of-soda stock solution 
are equivalent in poisoning properties to 36 ounces of paris green 
which is not an excessively large quantity to apply per acre. 
In the paris green experiment twice this amount of paris green 
per acre was used without the least injury to the foliage. (See 
pages 201, 206.) 

Why injury resulted from the fourth treatment with arsenite > 
of soda in lime water and not from the third is not clear. The 
spray mixture was prepared and applied in identically the same 
manner in both cases, except that a slightly greater quantity was 
used in the fourth spraying. The difference in rainfall may 
have had something to do with it. The third spraying was made 
August 1. On the night of the same day .52 inch of rain fell; 
an August 2, .J2 inch and on August 5, .07 inch. After this 
there was no more rain until August 18. The fourth spraying was 
made August 12, following which date the rainfall was as fol- 
lows: August 13, .18 inch; 16, .16 inch; 17, .31 inch; 19, .76 
inch. The injury was not observed until August 20, but it is possi- 
ble that it occurred earlier. 

An interesting result of the experiment was the discovery of 
the part which copper sulphate plays, in connection with the 
lime, in preventing the caustic effect of the arsenite of soda. 
When arsenite of soda was applied with lime water injury to the 
foliage resulted; but when the same quantity of arsenite was 
applied with bordeaux mixture there was no injury. This hap- 
pened three times. In the fourth spraying the quantities of 
arsenite, lime and water were the same in both cases the only 
difference being that one mixture contained copper sulphate 
while the other did not. The conclusion is plain that the copper 
sulphate was, in some way, responsible for the absence of spray 
injury on the rows to which it was applied. It appears that the 
caustic effect of the arsenite of soda is prevented more effectively 
by copper sulphate and lime acting together than by either one 
alone. In fact there is no evidence that copper sulphate alone is 
of any value whatever for this purpose. On the contrary it has 
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been shown by Gillette?’ and also by Kilgore*® that arsenites are 
more injurious to foliage when applied in copper sulphate solu- 
tion than when applied in water. 

Heretofore, it has been supposed that bordeaux mixture pre- 
vents the caustic action of arsenites simply by virtue of the lime 
it contains.®° The results of this experiment shows that not only 
the lime but the copper sulphate, also, is a factor in preventing 
injury. It is also shown that a great excess of lime in the bor- 
deaux is unnecessary. Two pints of the arsenite of soda solu- 
tion may be used safely with 50 gallons of bordeaux made by the 
regular 64-50 formula without the addition of extra lime. 

The fact that Series III treated with arsenite of soda in bor- 
deaux mixture vielded at the rate of 34 bushels per acre less than 
Series IV treated with bordeaux mixture alone tends to show 
that the addition of the arsenite was deleterious; but judgment 
on this point should be deferred untill further tests have been 
made. The yields in this experiment are not entirely reliable. 
The potatoes came up somewhat unevenly and some of the plants 
were considerably injured by Colorado potaito beetles. As there 
was at no time any indication of arsenical injury to the foliage 
on Series III it is difficult to understand how the arsenite could 
have affected the yield. 

It is advised that the arsenite of soda be used on potatoes only 
in combination with bordeaux mixture. 


* Gillette, C. P. Iowa Exp. Sta. Bul. 10: 418, 420. 

Kilgore, B. W. N. C. Exp. Sta. Bul. 77b (Technical Bul. 2): 9, 11. 

* Fraser’s statement (The Potato, p. 138) that, “The copper sulphate 
in the bordeaux mixture seems to prevent the caustic action” (of arsenite 
of soda), and Stewart’s article on this subject (Proc. W. N. Y. Hort. Soe. 
50:87) are both based on the experiment described in this bulletin. 
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WINTER INJURY TO FRUIT TREES.* 


H. J. EUStTAcs. 


SUMMARY. 


The cold of the winter of 1903 and 1904 was unusually severe 
and prolonged. The climatic conditions during the growing 
season of 1903 were not normal and not altogether favorable. 
Insects and fungus epidemics were serious upon some kinds of 
fruit trees. It was a combination of all of these factors that in- 
jured or killed many thousand trees, especially peach and pear. 

Trunk and branch injury was most common. Root injury was 
not often found. 

The damage was greatest in the Hudson River Valley where the 
cold was most severe, more than 40° below zero being reported. 
In the fruit growing regions of Western New York temperatures 
of from—10° to—15° were frequently reported. At the end of the 
winter the outward appearance of the trees was normal. Upon 
examination the bark and wood of the trunk above the snow line 
and of the branches were found to be discolored from black to 
all shades of brown. 

No reliable symptom of fatal injury was found that was appli- 
cable at the end of the winter. Discoloration of the bark and 
wood is a symptom of injury, but not an indication of death. 

Old trees did not withstand the cold, nor recover as well as 
young trees. 

Trees died at irregular times during all of the growing season 
of 1904. Fruit that matured on injured trees was undersized. In 
proportion to the degree of injury the foliage was undersized and 
of abnormal color, and the usual amount of new growth was not 
made. 

Trees and vines in low “spots” or “ pockets” where the cold 
air settled suifered severely, as they also did on flat land where 
air drainage was poor. 


* A reprint of Bulletiv No. 269. 
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Difference in variety was unusually subordinate to location, 
age and previous health of the trees, though in many cases there 
was plainly a difference in the susceptibility of varieties. 

Experiments indicated that, when peach trees were less than 
five vears old, a severe pruning or cutting back to large limbs 
was a successful method of treating injured trees. The same 
treatment for older trees was a failure. Trees that did not carry 
any fruit made a better recovery than those that carried even a 
light crop. 

INTRODUCTION. 

The winter of 1903 and 1904 was an unusually severe one 
throughout New York State. In many places the temperature 
was the lowest on record, and the periods of extreme cold were 
protracted. As a result the end of the winter found many 
of the orchards, especially those of peaches and pears, exten- 
sively and seriously injured. Orchardists were anxious for infor-, 
mation that would:enable them to distinguish between trees 
fatally injured and those in which recovery was probable, and 
also desired to know what methods of treatment would be most 
likely to bring about a speedy recovery. . 

Reliable information upon these points was very meagre and 
such as was available did not well apply to the conditions as 
found in New York State. For these reasons and also because 
the opportunity was a good one it was deemed advisable to make 
some observations and experiments with injured trees with the 
hope of learning more about the subject, and to place on record 
facts that it is believed will be of some value should a similar 
disaster cccur in the future. 

Before a consideration of the injuries of the winter it will be 
necessary to review some of the unusual climatic conditions and 
insect and fungus epidemics of the growing season of 1903. 

The climatic conditions were of the two extremes—the drought 
during the spring and the excessive rains of the fall—especially 
in the Hudson Valley. For a continuous period from “April 16 
until June 10, a most severe drought occurred, during which 
there was no rain sufficient to benefit growing crops.’’ Coming 
during these months the tax upon the vitality of all trees was 


* New York Section of the Climate and Crop Service of the Weather Bureau. 
Annual Summary 1903, p. 5. 
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very great, but especially where the soil was shallow, or the tree 
was not a deep rooting one, or was young and had not become 
well established. Naturally the soil in many orchards became 
so hard that the usual and much needed spring cultivations had 
to be delayed, greatly to the detriment of the trees. 

_ Following a dry September there was an excessive amount of 
rain during October, the precipitation being 2.78 inches more 
than normal—which tended to prolong the growth and prevent 
the wood from ripening properly before the end of the season. 

The prolonged dry weather of the spring furnished favorable 
conditions for insect development; and several injurious species 
became so abundant as to cause serious epidemics, and became 
an important factor in maintaining even ordinary health of the 
trees. Upon pear trees the ravages of the psylla, Psylla pyricola, 
were extremely severe. In many orchards it was a difficult mat- 
ter to save enough of the foliage to ripen the fruit; and cases 
were frequent where the fight against them had to be given up 
in despair. 

The foliage of apple orchards and nursery stock was damaged 
by an attack of ereen aphis that was no less severe. During 
the early part of the season large amounts of foliage were 
destroyed or injured, the result of which could not be other than 
to impair greatly the vigor of the trees. 

The climatic conditions and insect epidemics were further com- 
plicated and their severity increased by outbreaks of fungus dis- 
eases. Pear leaf spot, Septoria piricola Desm., was serious. in 
the Hudson Valley, where unfortunately, the psylla was most 
severe. During the period of drought there was an exceedingly 
virulent outbreak in many places of the peach leaf curl, 
Haoascus deformans (Berk.) Feckl. Where spraying had not 
been done or had been neglected until too late to be effective, 
many trees lost all of their foliage, thus further taxing the vital- 
ity of the tree. 

At the end of the winter it was evident that the trees most in- 
injured by the cold were those most seriously affected by the 
unusual climatic-conditions and the insect and fungus epi- 
demics. There can be little doubt but that it was a combina- 
tion of the effects of the cold and unusual detrimental factors 
of the previous season that caused the death or injury of many 
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of the trees, and had it not been for these combinations the result- 
ing damage would have been comparatively small. 


OBSERVATIONS. 
KINDS OF WINTER INJURY. 

Winter injury is usuaily classified under three heads, root in- 
jury, trunk injury and branch injury. In the last class may be 
included the destruction of fruit buds. 

Root injury, the freezing of the roots causing death or injury, 
occurs at times in the winter when the temperature is un- 
usually low and the ground is bare. In some of the Western 
states this is a common and serious trouble, but it is unusual in 
New York except on very light soils and in exposed locations 
where the snow blows away and no mulch or cover crop is used 
to cover the ground and hold the snow.’ 

Trunk injury may be due to the freezing, causing death 
or injuries within the trunk or limbs, of the active tissue known 
as the cambium, a thin layer of succulent formative cells between 
the wood and the bark, from which new tissues are developed. 
When the temperature is so low as to destroy the cambium layer 
the tree dies. However this layer is capable of withstanding 
much cold and of recovering after a severe injury. It was injury 
of this kind that was common and serious in New York State in 
1904. 

Branch injury is the killing back of the new and tender wood 
from the tip to a definite place. This form of injury occurs to 
some extent every year and depends very largely upon whether 
the wood ripens well or grows late in the fall and contains a 
large amount of moisture. 


HOW COLD CAUSES INJURY. 


The earlier plant physiologists believed that the death of 
plants was caused by the water in the cells freezing and the 
resulting expansion bursting the cell walls, thus permanently 
disorganizing the tissues of the plant which resulted in its death. 

Later investigations showed that this theory was incorrect, 
and that instead of the water freezing within the cells the cold 


*Green, W. J.,and Ballou, F. H. Winter Killing of Peach Trees. Ohio 
Agr. Exp. Sta. Bul. 157, p. 119. 
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withdrew it from them and that this withdrawal of the moisture 
was continuous with low temperatures and all-plants that are 
unable to withstand this desiccation, or drying out, must ulti- 
mately be killed. 

When the supply of moisture in the cells is large it is more 
readily withdrawn and the injury is greater. This explains why 
branches having an excessive amount of moisture are more read- 
ily injured or killed than those in which the moisture has been 
reduced by the branch ripening normally in the fall. 


TEMPERATURES. 


The desire to know just what minimum temperature is fatal to 
the various species of cultivated fruit trees has often been ex- 
pressed. But it is evident that such a thing cannot be deter- 
mined in any way to be of value for the reason that there are 
many factors other than the temperature that are highly impor- . 
tant in connection with the low temperature, such as age of the 
tree, variety, previous care and health, exposure and altitude of 
location, character of the soil, and climatic conditions and insect 
and fungus epidemics during the growing season preceding the 
dying. 

The difference in individual trees is very marked as was no- 
ticed in orchards of the same age and variety where all other 
conditions were as nearly parallel as could be determined, and 
trees that were killed stood adjacent to trees that were appar- 
ently uninjured. 

However a record of the minimum temperatures in some of the 
important fruit sections will be interesting as evidence of what 
some trees have withstood and lived—some to bear crops the 
same year. 

In the Hudson Valley the official records are as follows; the 
temperature in each case being the lowest recorded during the 
winter. Albany—24°; Athens, Greene Co.—20°; Greenwich, 
Washington Co.—28°; Honeymead Brook—28° and Wappingers 
Falls—34°, both in Dutchess Co. The following records have 
been reported, though not officially, for Ulster Co., Marlboro— 
28°; Milton—12° to—16° for high locations and—12° to—382° in 
hollows and valleys. In Orange Co., at Middle Hope—25° to 
—40°, Newburgh—26°, and Washingtonyville—42°. . 
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In the central and western part of the State the cold was not 
as severe, the official records being as follows: Syracuse—20°, 
Fayetteville, 12 miles southeast of Syracuse—29°, at Romulus, 
Seneca county—12°, Penn Yan, Yates county—15°, Shortsville, 
Ontario county—10°, Rochester—14°, Brockport, Monroe county 
—14° and Lockport—12°. 

It seems almost impossible that peach trees could survive such 
low temperatures as occurred in the Hudson Valley, but the facts 
are that only a small percentage were killed outright, though the 
crop was almost a total failure. In orchards of considerable ele- 
vation and good air drainage a fair crop of fruit was harvested. 

Throughout the peach sections of the central and western por- 
tions of the state some trees were killed or injured so they died 
subsequently. The crop was a normal one, though temperatures 
that are commonly supposed to mean death to fruit buds existed 
in hundreds of orchards. 


APPEARANCE OF TREES AT END OF WINTER. 


At the end of the winter the external appearance of the trees 
was entirely normal. The bark of the trunk was smooth and of 
normal color and the twigs in all parts of the trees were plump 
and bright. Nothing about the trees looked unusual or wrong, 
but upon cutting into the trunk anywhere above the snow line 
it was found that both bark and wood were discolored for some 
depth into the trunk. The discoloration was most pronounced 
just above the snow line, and became less as the height from this 
point increased until on the branches in most cases the normal 
color and conditions, or very near them, were found. 

This discoloration is due to oxidation, or the beginning of 
decay, and can occur only when moisture is present. It varied in 
intensity from black or dark brown to very light brown or what 
might be called a water-soaked appearance. The intensity was 
directly proportional to the amount of moisture in the tissue at 
the time of the low temperature. 

Upon the discovery of this discoloration much alarm and anxi- 
ety arose. It was feared that trees showing this condition. were 
dead, and some fruit growers removed many trees upon this sup- 
position. It was argued that though the roots and the branches 
‘were apparently uninjured it would be impossible for the sap to 
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pass up from the roots, as the conducting tissue was destroyed at 
the point of discoloration. But observations made during the « 
summer and fall showed these fears to be unwarranted. : 

Below the snow line, even a fraction of an inch, both the 
bark and wood were entirely normal as to color and condition. 
This well illustrated the great value of snow as protection against 
frost, and indicated that the roots were uninjured. 


SYMPTOMS OF INJURY. 


It was hoped that some common symptom of fatal injury caused 
by cold could be found—such as would enable the fruit’ grower 
to determine the condition of his trees soon after a freeze, or at 
the end of the winter, so that if fatally injured they could be 
taken out and new plantings made the same spring, thereby gain- 
ing a year in the growth of a new tree, and saving the use of the 
Jand and the expense of cultivation for a season in waiting for 
the injury to manifest itself during the summer. 

It was at first thought that the degree of discoloration of the 
bark and the wood of the trunk would prove of some value in 
this connection, and that such trees as were badly discolored— 
when the bark and wood were black—could be classed as cer- 
tainly dead. 

To determine this point some peach and pear trees on a fruit 
farm in the Hudson Valley were selected and marked for ex- 
amination during the growing season. These trees were of dif- 
ferent ages and grew in a low hollow or “pocket” where the cold 
air settled, and the soil was moist and rich, favorable to growth 
late in the fall. On March 24, 1904, the condition of these was as 
follows: Snow line 6 to 8 inches from the ground, bark tight to 
the wood in all parts of the trees, though very dark brown all 
through, the wood black in the trunk; on the limbs the bark and 
wood discolored as high as a man can reach. 

On September 28, 1904, the last examination of these trees was 
made and the conditions were found to be as follows: Trees have 
made a good growth of new wood and have a good crop of foliage. 
The bark and wood of both trunk and limbs are of normal color 
and condition. The discolored wood is overgrown with new wood 
about three-quarters of an inch thick. Many fruit buds have 
formed. None of the trees bore any fruit this season. 


_- 
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The trees marked for particular observation were in the center 
ef an orchard of about 200 trees and the above descriptions were 
typical. However, it must be understood that this orchard was 
given good care and cultivation during the growing season. 

In most of the trees there were many small twigs that had 
been killed, and an occasional tree on which the foliage was not 
of a good color. But it certainly would have been unwise to 
remove all of the trees in this orchard upon the supposition that 
they were dead because of the discoloration of the bark and 
wood of the trunk and limbs. This orchard and the marked 
trees were examined again in the early part of June, 1905. 
Practically every tree was in good condition, had a good crop of 
large and well colored foliage and a large amount of fruit. 

The discoloration is, of course, a symptom of injury, and the 
stronger the discoloration the more severe the injury. But with 
peach and young pear trees the discoloration, even though very 
pronounced, is not a certain indication of death. 

No reliable symptom of fatal injury from frost was found that 
was applicable at the end of the winter. 


AGE OF TREES AND SUSCEPTIBILITY TO INJURY. 


With peach and pear trees there was a well marked difference 
in the degree of injury depending upon the age of the tree. 

Observations upon this point were made at many places, but 
most carefully upon a fruit farm of about 5,000 peach and an 
equal number of pear trees, at’ Milton, on the Hudson river, - 
where the injury was most severe. The elevation of this farm 
was very uneven, varying from 200 to 500 feet above sea level, 
and containing many “pockets” or “hollows.” The peach trees 
were from one to fifteen years old and the pear trees from three 
to twent'y-five years old. . 

Peach trees one year set were examined in March and showed 
only slight discoloration of the bark and wood. Late in Septem- 
ber, when last examined, all of these young trees were found to 
have made a splendid growth during the season, and a few that 
were cut! off below the snow line to have made a vigorous growth 
from the stump. 

Peach trees under. five and six years did not show severe cases 
of discoloration, though it was more marked on trees in low 
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places where the cold settled and late growth was favored by rich 
moist soil. In practically all cases trees of these ages made a 
rapid and satisfactory recovery during the summer. 

With peach trees over seven or eight years old the injury was 
found to be far more serious. The discoloration was much more 
pronounced, and increased in intensity with the age of the tree, 
when the other conditions were parallel, being greatest again 
upon trees located in low places and on moist rich soil. The 
older’ trees did not make a rapid nor vigorous recovery. The 
foliage was scanty, undersized and of a pale color—in contrast 
with the younger trees on which the foliage was normal in these 
respects. There were also more small dead twigs scattered 
through the tops of the older trees than there were in the younger 
trees. 

Many pear trees from two to five years old were examined in 
which the bark and wood were badly discolored, the bark being 
filled with brown streaks, instead of a solid color as in the case of 
the peach. The common opinion was that trées in which this dis- 
coloration was marked were practically ruined, and the best way 
would be to cut them off below the snow line, and let them send 
up sprouts from the stump. If there had been time enough in 
the spring for the work, the owner of these trees would have 
treated several thousand of them in this way. But the growing 
season proved the fallacy of the prediction. Lack of time was 
fortunate for the fruit grower. ; 

With but very few exceptions these young trees made a good 
recovery, had a good crop of healthy foliage, made a good amount 
of new wood and enlarged in the diameter of the trunk very 
noticeably. Wire labels loosely fastened on the trees in March 
had, in September, become imbedded in new growth. 

All of these trees were examined again in June, 1905, and 
practically all of them had made a very good recovery. Nearly 
all of the peach trees and many of the young pear trees had a 
good crop of fruit. 


EFFECT OF INJURY UPON TREBS, 


The injury manifests itself in various ways and at different 
times, depending upon the degree. 

In some cases the trees did not show any life at the opening of 
spring, being killed outright during the winter. This was more 
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common with pear trees that were seriously affected by the psylla. 
The number of. peach trees that died in this way was compara- 
tively small. 

In most cases some growth started in the trees, as it was able 
to do with the starch in the branches, but when this became 
exhausted in May or June and plant food was unable to come up 
from the roots in sufficient quantities the leaves.dropped and the 
trees perished. 

With some trees a limited amount of plant food could be forced 
up into the branches and here the growth continued until July 
or August when a few days of continuous dry, warm weather 
would cause the demand for more moisture than could be forced 
up through the injured tissues of the trunk and the tree would 
die. 

The dying of the trees at such unusual and irregular times gave 
rise to much alarm among the fruit growers in some localities. It 
was feared that a virulent attack of the “ yellows” had broken 
out or some new and serious disease had become prevalent. 

Upon injured trees that did survive, the most striking effect of 
the damage was noticeable in the foliage. In proportion to the 
degree of damage the leaves were under normal size and not of 
their natural color. On some of the trees they were about one- 
third size, and the color was usually a pale green, though occa- 
sionally tinges of red not unlike that produced by the leaf curl 
disease were noticeabie. This effect was so striking as to be con- 
spicuous from a long distance. The effect was very noticeadie in 
the amount of new growth made during the growing season. In 
some instances this did not exceed a few inches in length, and 
from this it varied up to practically the normal amount. 

Fruit that did mature on injured trees was under normal size 
for the variety. This effect was especially noticeable or peyches 
and pears. E: 

ENVIRONMENT AS RELATED TO INJURY. 

Altitude, air drainage and conditions of the soil had a very im- 
portant bearing upon the severity of the injury. The advan- 
tages of a high altitude were best shown in some of the peach 
orchards in the Hudson Valley.. Orchards that were located on 
the highest sites were injured the least of any, and many of them 
bore a fairly good crop of fruit. Those located on the low sites 
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were injured the most and none of them bore any fruit. Fre- 
quently the benefit of an elevation of a few feet was apparent. In 
March it was noticed that the discoloration of the bark and wood 
of the trunks of the trees became less intense as the altitude of 
the location of the tree increased. 

So thoroughly has the advantage of high altitudes as sites for 
peach orchards been impressed upon fruit growers that many 
have expressed their intention of using only such sites for peach 
orchards in the future. 

The reason for the difference in the amount and seriousness of 
the damage between trees and vines in low as compared with 
those on high sites is because the cold air rapidly passes from the 
high lands and settles into the lower places. This, of course, 
causes a very low temperature for a considerable length of time 
in these places, while the temperature of the high lands mod- 
erates to some extent. 

Thus the factor of air drainage becomes an important one. 
This was strikingly brought out in an observation of the damage 
done to trees and vines growing in hollows or “ pockets,” and 
also upon flat lands, though of good altitude but so level as to 
furnish ng means for the cold air to drain away. An example of 
the latter was found at Marlboro where all the vines in a young 
vineyard of Delaware grapes planted upon a very level field were 
killed to the snow line, but at one side of the field there was a 
sharp decline and the vines growing there where the cold air. 
sank away were entirely alive. Many similar observations could 
be given, but this one is typical. 

The great disadvantage of using hollows or “ pockets” for 
orchards and vineyards was apparent in many places throughout 
the hilly fruit region of the Hudson Valley. In these places the 
cold air settled and remained, doing immense damage. In many 
of the peach orchards all of the trees in these low places were 
practically ruined. In a vineyard of Campbell’s Early grapes at 
Marlboro all of the vines growing in the lowest part of a “ pocket ” 
were killed to the snow line, while none of the vines on the 
surrounding higher land were seriously injured. 

In many of the peach orchards of Western New York there 
are areas of slight depression or “low spots.’ On these it was 
common to find that the trees had either been killed or were seri- 

15 
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ously injured, while the surrounding trees, on land but a few 
feet higher, were bearing fair crops of fruit. 

The explanation of this difference seems to be that the exces- 
sive amount of soil moisture in these places induced’ a late growth 
instead of the essential ripening of the wood. Further, this 
excessive moisture made the soil water-table high which tended 
to the development of shallow rooted trees,-as was noticed upon 
the removal of many trees from these low places. Such trees 
very naturally, suffered more from the low temperature than the > 
deeper rooted ones on dry or drained soil. 

The difference in susceptibility to winter injury of trees grow- 
ing on tile drained as compared with undrained land was seen in 
a peach orchard at Williamson. The trees were Elbertas, about 
ten years old and had always been under a high state of cultiva- 
tion. Ina part of the orchard the land was tile drained and in 
another part was undrained. The trees on the drained portion 
were not seriously injured and when examined the latter part of 
August were in a vigorous condition, while the trees on the 
undrained land were dead or practically ruined. 

Instances of serious damage done by wind were frequently 
observed. Trees on the western side of exposed peach orchards 
where the wind had an unobstructed sweep were often killed or 
severely injured, while others a short distance in the orchard 
were not seriously damaged. | 

In some orchards the dead or injured irees were noticed to be 
confined to certain portions which indicated that the wind had 
blown through these places more constantly and with greater 
force than. in other parts of the same orchard, as trees but a 
little distance away were not seriously damaged. Sometimes 
these injured portions would be an exposed corner or a more or 
less definitely marked path the width of several rows through the 
orchard. 

In the Hudson Valley fruit region wind damage was apparent 
in peach orchards on exposed western slopes or among trees on 


the western crest of a hill where the force of the wind was 
greatest and the snow blew off. 


DIFFERENCE IN VARIETY. 


The difference in the susceptibility of varieties to the injury 
usually appeared subordinate to such other factors as location, 
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age and previous health and condition. However, some observa- 
tions were made in orchards and vineyards where the difference 
in injury could be plainly seen to be due to variety. 

One of the most striking differences was seen in a vineyard at 
Marlboro. There were two varieties, Niagara and Worden. All 
of the former were killed to the snow line while none of the latter 
seemed to be seriously injured. The vines were of the same age, 
and all conditions as to soil, altitude and care were the same. 

Some interesting differences were seen in a peach orchard at 
Milton. The orchard was of 730 trees, five years old, located 
on an elevated site, sloping to the west. The soil was uniform 
and the trees had always been well cared for. <A careful examina- 
tion showed the following conditions: : 

Elberta: No fruit except a very small amount on the trees in 
the highest part of the orchard. Reeves Favorite: Ne fruit on 
any of the trees. Stevens Rarecripe: Good crop of fruit on all 
of the trees. Bray: Some fruit but less than on the Stevens 
Rareripe. 

The difference in hardiness of Baldwin, Rhode Island Green- 
ing and Ben Davis epple trees was seen at Marlboro. In an 
orchard of one year vid trees of these varieties all of the Baldwin 
and Rhode Island Greening trees were killed back to within three 
or four feet of the ground (the trees had been about six feet 
high) while none of the Ben Davis trees appeared to be injured. 
The susceptibility of Baldwin trees to cold has also been observed 
by Longyear in Mich?gan.? 

The following observations were made upon a farm at Middle 
Hope: Several hundred Lawton pear trees that had been top- 
grafted the previous year were killed, while adjacent trees that 
had not been grafted were not seriously injured. In a cherry 
orchard the fruit buds of Early Richmond and Montmorency were 
killed: The Morello trees bore a good crop. Wilson Jr. black- 
berry bushes were killed. Early Warvest and Eldorado black- 
berries had a good crop of fruit. Orange quince trees were killed 
to the snow line. However, they were in a low place. Chinese 
Oling peach trees were injured more than other varieties. Stevens 
Rareripe, Klberta, Thurber and Salway were not seriously injured. 


® Longyear, B. O. Report of the Botanist. Michigan Board of Agr. Report 
1904, p. 129. 
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A number of fruit growers reported the difference in varieties 
injured in their orchards as follows: 


Peaches.—F rank lL. Young, Lockport.—-Globe injured the most. 
Late Crawford set fruit but it dropped. Early Crawford injured 
but little. Elberta and Stevens Rareripe not injured. 

C.F. Stout, Olcott.—-Early varieties injured the most. 

Wm. H. Outwater, Olcott.--Smock and Late Crawford injured 
the most. 

J. O. Lockwood, Olcott.—Globe and Chair’s Choice injured the 
most. Triumph, Reeves Favorite and Alexander injured the 
least. 

James Austin, Morton.-—Crawfords injured the most. Crosby 
the least. 

I. L. Dickinson, Appleton.—Niagara injured the most, St. John 
next and Early Crawford the least. 

Jay E. Allis, Medina.—Surprise, Orleans and Elberta injured 
the most. Crawfords, Niagara and Chair’s Choice injured the 
least. 

W. T. Mann, Barkers.—Reeves Favorite nearly all killed, Craw- 
fords injured, Elberta not injured. 

Pears.—C. G. Velie & Son, Marlboro.—Bartlett and Seckel pear 
trees injured the most. 

A. W. K. Dick, Germantown.—Bartlett and Kieffer, injured 
the most. Clapp’s bie Anjou, Clairgeau and Seckel injured 
the least. 

J. R. Cornell, Newburg.—Bartlett injured the most. 

Apples.—A. W. K. Diek, Germantown.—Baldwin apple trees 











injured. 

Wm. H. Hallock, Washingtonville—Baldwin and Gravenstein 
apples injured the most. 

Grapes.—C©. G. Velie & Son, Marlboro. 
very severely injured. 





Delaware grape vines 


It will at once be seen that these reports are very contradictory 
and conflicting, even some from the same localities. This differ- 
ence is undoubtedly due to the unlike environment, condition and 
age of the trees, as soil, altitude, previous care and crops; and 
shows very conclusively the relative unimportance of au as 

compared with these other factors. 
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RECOVERY OF SOME TREES. 


Specific mention of the recovery of some trees under observation 
will be interesting as showing how unreliable the early appear- 
ance of a tree is as an indication of the extent of the injury. 

On the farm at Milton, previously referred to, many of the 
old peach trees growing in the bottoms of the “hollows” were 
examined in March when the bark and wood of both trunk and 
limbs were found to be black or very dark brown. On many of 
these trees the bark of the trunk could easily be pulled from the 
wood. They were thought to be dead beyond any question by 
all who examined them. 

When these trees were examined in June they were in fairly 
good condition, there was a good crop of foliage of good size and 
color, and a Jayer of new wood had formed over the old discolored 
one in the trunk and limbs. 

At an examination the last of September, the trees were in even 
better condition than in June, and a good many vigorous fruit 
buds had formed. 

In June, 1905, most of these trees were in nearly normal con- 
dition. They hada good crop of large and strong colored foliage 
and a large crop of fruit. 

At Marlboro, an orchard of Kieffer pear trees growing upon low 
ground was examined in March, and the bark and wood were 
discolored black all through. The trees were thought to be dead 
by all whe examined them. Late in September these trees had a 
fair crop of fruit (though undersized) and the bark and wood 
contained many brown streaks, but had made a remarkable recoy- 
ery. On one tree examined, a layer of new wood 5 millimetres 
thick had grown over the discolored layer. 

These trees were examined again in June, 1905, and most of 
them found to be in splendid condition. The foliage was good 
size and color, a good new growth was being made and there was 
a large amount of fruit set. 

In an orchard of Bartlett pear trees about 15 years old at Mid- 
dle Hope many of the trees were considered to be ruined by all 
who examined them in March. In September, they were in good 
condition, had a good amount of foliage and a fair crop of fruit, 
and the old discolored wood was overgrown with a layer of new 
wood. 


a 
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A row of young sweet cherry trees showed, when examined in 
March, various degrees of discoloration of the bark and wood 
according to the altitude. All of the trees were alive in Septem- 
ber, and had an abundance of good foliage, had made some new 
growth and the wounds made in the trunk in the examinations in 
March had‘ all grown over. 

An orchard of Japan plums was examined in March and to 
every indication the trees were dead, but they ripened a fair crop 
of fruit, and when examined in September a thick layer of new 
wood and bark had covered the old discolored layer. In one tree 
the new wood was 8 millimetres thick and the bark 4 millimetres 
thick. 

In all of the vineyards where vines had been killed to the snow 
‘line there was a very vigorous growth of shoots that started out 
from below this point. Usually there were four to ten of these 
shoots and many of them made a growth of fifteen feet. 


TREATMENT OF INJURED TREES. 


During the spring there was much demand for information as 
to the best way to prune injured trees so as to induce most 
rapid recovery. All manners of ways were advised, as cutting 
the young trees off below the snow line, cutting the old trees 
back to the large limbs or “‘ dehorning,” a moderate pruning and 
to do nothing at all. 

As obtainable information upon this point was unsatisfactory, 
and not based upon actual experiments it was decided to make 
some experiments, to be supplemented by observations, with the 
hope of being able to gain some knowledge that wou!d be useful 
in the future. 

Upon the fruit farm previously referred to, a number of old 
peach trees in different orchards were cut back to where the limbs 
were about an inch and a half to two inches in diameter. ‘This 
was done early in April. Adjacent trees, injured to the same 
degree, were marked and left unpruned and others pruned for 
comparison. : 

When an examination was made about the middle of June a 
few of these “ dehorned ” trees were putting out some vigorous 
shoots from the limbs, and the indications were that they would 
make a good recovery. 
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At an examination late in September it was very evident that 
this method of treatment had been a total failure. All of the 
trees were entirely dead or had only a few straggling leaves. 
The vigorous shoots that promised so well in June were all dead. 
The discoloration of the bark and wood was nearly the same as 
it was in March. 

The result with old pear trees that were “ dehorned ” was the 
same as with these old peach trees; they died in the same way. 

Observations made in orchards in various fruit sections of the 
State confirmed the results of these experiments with both peach 
and pear trees. 

In the case of young peach trees trees the reverse seems to be 
true. Upon the farm of Mr. Gregory Brundage, Salisbury Mills; 
about ten miles from Newburg, were 5000 peach trees from 2 to 
5 years old, of the following varieties: Elberta, Champion, 
Stevens’ Rareripe, Clair’s Choice, and Salway. Soon after the 
extreme cold of January 5 and 6, Mr. Brundage decided that the 
trees were seriously injured and began at once to “ dehorn ” them. 
In one orchard the work was finished in a few weeks. In the 
others the work was delayed until the last of March. 

When these trees were examined in June they had made 2 
splendid recovery. Many vigorous shoots had started out from the 
branches and there was an abundance of large well colored fol- 
iage. In'some of the trees the new growth had become so thick 
as to require thinning. 

It was very apparent that the trees cut back in January had 
recovered better and were making a more vigorous growth than 
those on which the work was delayed until March. 

In one field three trees were not cut back but left for compari- 
son. By the middle of June two of these trees were dead, the 
other was making a fair recovery, but the new growth was all in 
the top, making an undesirable tree. Three trees were hardly 
enough to compare with 5000 but their condition indicated that 
Mr. Brundage did not make a mistake in cutting these trees 
back. ‘ 

At the time of the last examination, about the first of October, 
the trees had made an immense growth, more than five feet in 
many cases, and it was still evident that the trees cut back early 
were better than those cut back in March. Less than 25 trees 
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failed to recover, and the death of some of these is attributed to 
mouse injury. 

These trees were carefully examined again in June, 1905. Prac- 
tically all of them came through the winter in good condition 
netwithstanding the large amount of new wood they had. Many 
of the trees had a small amount of fruit. 

The greatest objection to cutting back peach trees in this way 
is that it induces too large a growth of new wood and the tree 
becomes bushy. A good deal of judicious pruning is necessary to 
make sucb trees satisfactory. 

These results indicate that the winter-injured trees of over 
seven or eight years are killed by “ dehorning,”’ while the younger 
trees may be treated in that way and expected to make a good 
recovery. 

The results from a moderate pruning were encouraging in the 
case of both young and old peach trees. Trees adjacent to 
those “ dehorned ” were moderately pruned and marked for com- 
parison, and others to which nothing was done were also marked. 
In all cases these trees were under parallel conditions and of the 
Same age and variety. 

When examined the middle of June it was plain to see that 
they were much superior to the trees that had nothing done to 
them. The foliage was much more abundant in all parts of the 
tree; it was larger size, and more nearly normal in color. 

At the examination the latter part of September the difference 
was more striking than in June, for during the interval some of 
the unpruned trees had deteriorated, and parts of them had died. 

Plate XX shows the difference fairly well on September 27, 
1904. These were adjacent trees, of the Fitzgerald variety and 
about six years old. The tree shown in Fig. 2 was moderately 
pruned in April and that in Fig. 1 was unpruned. 

The difference between the pruned and unpruned trees was 
very apparent in June, 1905. The trees that had been pruned 
could easily be distinguished from the others by the foliage, 
which was larger and better colored, by more compact tops and 
by larger crops of fruit. 

The result was invariably the same with a large number of 
trees treated in this way, and the conclusion cannot be other 
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than that a moderate pruning of winter injured trees is much 
superior to no pruning, and in the case of trees over six or 
seven years old it means recovery where “ dehorning” would be 
fatal. . 

These results confirm the reports of observations made in the 
Michigan peach belt the season after the severe freeze of 1899.* 

By far the largest part of the injured trees were not pruned 
nor treated in any way. The conditions of these trees varied 
greatly. Many of them made a fair recovery, in some cases such 
as seemed satisfactory to the growers. But it was very apparent 
that the average conditions of unpruned trees as compared with 
those lightly pruned was that they contained a much larger 
amount of dead wood, and that the new growth seemed to be 
only at the extreme ends of the branches, which made the top of 
the tree too spreading. | 

An experiment conducted by the entomologist of this Station® 
in a peach orchard near Geneva showed a way whereby many 
thousand winter injured trees might have been saved. In an 
orchard of Fitzgerald peach trees about eight years old some 
were sprayed in November, 1903, with different kinds of sulphur 
washes, and some were left unsprayed. 

In the spring it was seen that the spray mixtures had de- 
stroyed the fruit buds, for there were no blossoms upon the trees 
that had been sprayed, and there were upon the untreated trees. 
Otherwise there was no very great difference during the spring 
in the appearance or growth of the trees. But’in July many of 
the untreated trees began to deteriorate rapidly, and by August 
many were dead and others had dropped all of their fruit and 
much of their foliage, while practically all of the sprayed trees 
remained in splendid condition and so continued during the 
growing season. 

The greatest demand upon the vitality of the tree was made 
during the warm weather of July, and this together with the 
additional demands of the developing fruit upon the untreated 


trees was too great for them to overcome with their vitality 
already depleted from the injuries of winter. 


‘Waite, M. B. Fruit Trees Frozen in 1904. U.S. Dept. of Agr. Bureau 
of Plant Industry. Bul. 51, Part III, p. 4. 
5See Bulletin 254 of this Station, page 328. 
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It was evident that the loss of the crop of fruit by the destruc- 
tion of the fruit buds with the spray mixture saved a good many 
of the trees. 

Many thousand bearing peach trees, especially in Western 
New York orchards, died during the summer that might have 
been saved and enabled to make a good recovery if the crop of 
fruit or a part of it had been removed early in the season. 


in aed spe 


OF THE 


Chemical Department. 


L. L. Van Stryke, Chemist. 

EK. B. Hart, Associate Chemist. 
1W. H. Anprews, Assistant Chemist. 
2F. D. Futuer, Assistant Chemist. — 
3C. W. Mupcgu, Assistant Chemist. 
4A. J. Patren, Assistant Chemist. 
5H. A. Urner, Assistant Chemist. 
6°. L. Baker, Assistant Chemist. 


TA. W. Bosworth, Assistant Chemist. 


SW. E. TorrincHam, Assistant Chemist. 
°A. W. CiarK, Assistant Chemist. 


TABLE OF CONTENTS. 


T. Some of the relations of casein and paracasein to bases and 
acids, and their application to cheddar cheese. 


If. The proteids of butter in relation to mottled butter. 

1 Died September 29, 1905. ? Resigned May 1, 1905. * Resigned June 1, 1905. 
‘Resigned July 1, 1905. "Resigned January 9, 1905. ° Appointed May 8, 
1905. 7 Appointed May 15, 1905. *Appointed June 1, 1905. ° Appointed 
July 1, 1905. 


‘ - 
4 


Ps eta 


1%: PARTIE Sy 


, 


Ol TEAR 48" 
Faas) 


é yy 


Soa 
e AS 


; m > é The i” * 
ie Cs ( 2 J Gt} oe “et ee iy 
Sabah! BONE ahs mee ttn Ak 


a 
» 


Pig 





REPORT OF THE CHEMICAL DEPARTMENT. 


SOME OF THE RELATIONS OF CASEIN AND PARA- 
CASEIN TO BASES AND ACIDS, ANDsTHEIR 
APPLICATION TO CHEDDAR CHEESE.* 


L. L. VAN Stykpb AND E; B. Hart. 


SUMMARY. 


1. Object.—The primary object of the work presented is to 
make a further study of the compounds first discussed in Bulletin 
No. 214, casein and paracasein salts of acids, with an extension 
to the free proteids and some of their combinations with bases. 

2. Base-Free Casein.—Preparations of casein free from ash 
ov nearly so were made by precipitating dilute skim-milk with 
acids, removing the acid and inorganic matter by repeated filtra- 
tion and trituration with water in a mortar. The process re- 
quired several days. 

3. Basic Calcium Casein.—Preparations were made with base- 
frce casein in which the proteid combined with about 2.40 per ct. 
of calcium oxide. One such preparation was made by triturating 
together calcium carbonate and the base-free casein suspended 
in water, and another by dissolving base-free casein in lime- 
water and making this neutral to phenolphthalein by acid. 

4. Neutral Calcium Casein.—By treating base-free casein dis- 
solved in lime-water with acid until the reaction is almost neutral 
te litmus, there is formed a compound of casein and calcium 
oxide containing aout 1.50 per ct. of calcium oxide. 

5. Calcium Vasein Compounds in Relation to Rennet Enzym 
axd Soluble Calcium Salts.—Rennet enzym coagulates neither 
neutral nor basic calcium casein. Neutral calcium casein after 


— 


*A reprint of Bulletin No. 261. 
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treatment with rennet is coagulated at ordinary temperatures by 
soluble calcium salts. Soluble calcium salts, as calcium chloride, 
coagulate both neutral and basic calcium casein on warming to 
35° to 45° C. 

6. Casein Present in Milk as Neutral Calcium Casein.—In its 
behavior toward soluble lime salts on warming and at ordinary 
temperatures after treatment with rennet, neutral calcium casein 
behaves like milk-casein, and casein is probably present in 
cows’ milk as the neutral calcium casein. 

7. Identity of Base-Free Casein and the Salt-Soluble Proteid. 
—-A base-free casein, prepared either directly from milk or by 
treating a lime-water solution of free casein with an acid to the 
point of acidity with litmus, is readily soluble in warm 5 per ct. 
salt solution and in hot 50 per ct. alcohol. This body, when 
freshly prepared and sufficiently warmed is very plastic and 
ductile. It behaves in all respects like the compound which we 
were formerly led to regard as a compound formed by combina- 
tion of casein and an acid and which we regarded as a casein 
mono-salt of the acid precipitant. 

8. Relation between Two Series of Compounds previously 
called Casein Mono-Salts and Casein Di-Salts of Acids.—When 
one gram of base-free casein is treated with about .5 cc. of =. 
hydrochloric acid, a substance is formed which is insoluble in 
warm 5 per ct. salt solution and in hot 50 per ct. alcohol and 
which is no longer plastic or ductile on warming. This is like 
the substance usually formed when milk coagulates by natural 
souring. By treating base-free casein with dilute acid, it was 
found that one gram of base-free casein appears to combine with 
about .5 ce. of 2. hydrochloric acid, forming a casein salt of 
hydrochloric acid. While the compounds formerly regarded by 
uS as casein mono-salts of acids have been shown by us to be 
identical with base-free casein, the compounds which we called 
casein di-salts of acids are compounds. formed by combination 
of acids with free casein. 

9. Paracasein and Its Compounds.—A preparation of base- 
free paracasein was made, and from this dissolved in lime-water 
were prepared (1) basic calcium paracasein, containing in com- 
bination about 2.40 per ct. of calcium oxide, and (2). neutral 
calcium paracasein containing about 1.50 per ct. of Cont 
calcium oxide. 
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10. Comparison of Properties of Casein and Paracasein and 
their compounds. of Calcitwm.—Basic calcium casein and para- 
casein appear soluble in water forming slightly opalescent solu- 
tions. Neither is coagulated by rennet, but both are precipi- 
tated by soluble calcium salts on warming. Neutral calcium 
casein is coagulated by soluble calcium salts on warming to 35° 
to 10° ©, but not at ordinary room temperature, while neutral 
calcium paracasein is completely and quickly coagulated at room 
temperatures by soluble calcium salts. Free casein and free 
paracasein, freshly prepared, possess the same solubilities in 
warm 5 per ct. salt solution and in hot 50 per ct. alcohol; they 
also possess the same peculiar properties of plasticity and ductil- 
ity. The close resemblance of casein and its compounds respec- 
tively to paracasein and its compounds suggests that they are 
chemically alike, paracasein being different only by consisting 
of a larger molecular aggregation than casein. 

11. Relation of Paracasein to Salt-Soluble Substance and to 
Body formed by Treatment with Acid.—Free paracasein appears 
to be identical in characteristic properties with the compounds 
we formerly called paracasein mono-salts of acids used as precipi- 
tants. The compounds which we have heretofore called para- 
casein di-salts of acids appear to be combinations of free para- 
casein and acids used as precipitants, one gram of paracasein 
uniting, for example, with about .5 cc. of decinormal hydrochloric 
acid. 

12. Relation of Salt-Soluble Product of Cheese to Para- 
casein.—F rom water-extracted fresh cheddar cheese we prepared 
one extract by warm 5 per ct. salt solution and another by hot 
50 per ct. alcohol. These preparations have in common with free 
paracasein the characteristic properties of plasticity, ductility, 
and the same combining power with bases and acids, and there- 
fore appear to be free paracasein instead of paracasein mono- 
lactate as we were formerly led to believe. , 

13. Chemical Changes in Calcium Casein resulting from Sour- 
ing of Milk or Addition of Acids——When an acid is formed in 
or added to cows’ milk, the acid first combines with the bases 
of some of the inorganic salts of the milk and then with the 
calcium that is combined with the casein, resulting in the forma- 
tion of a precipitate which is free casein. By further formation 
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or addition of acid, the free casein unites with acid, forming 
a casein salt of the acid, this compound, in the case of lactic 
acid, being the coagulum familiar in the ordinary souring of 
milk. | 
14. Chemical Changes in Calcium Paracasein during the Pro- 
cess of making Cheddar Cheese.—The coagulum, following the 
addition of rennet enzym to milk is calcium paracasein, either 
mixed or loosely combined with soluble calcium salts. While 
lactic acid is being formed in the process of cheese-making, it 
combines with the calcium of the calcium paracasein, forming 
free paracasein and calcium lactate. It is this free paracasein 
thus formed that is soluble in warm 5 per ct. salt solution and in 
hot 50 per ct. alcohol and possesses characteristic properties of 
plasticity and ductility. 

15. Suggestions in regard to the Nomenclature of Casein and 
Paracasein and Their Compounds.—Much confusion prevails at 
present in the use of the terms casein and paracasein. It is 
suggested that the following nomenclature be used: (1) That 
the compound existing in cows’ milk be called calcium casein. 
(2) That only the free proteid be called casein. (3) That the, 
casein compound containing 2.40 per ct. of calcium oxide be 
called basic calcium casein. (4) That a compound formed by 
precipitation and combination with an acid be called a casein 
salt of the acid used. (5) That the same nomenclature be ap- 
plied to the corresponding paracasein bodies, with the following 
addition: Calcium paracasein should be applied to the uncoagu- 
lated form and the term coagulated calcium paracasein to the 
coagulated form. 

INTRODUCTION. 

For several years we have been studying the chemical changes 
that occur in the process of cheese-ripening. Early in our work 
we extracted fresh and partially ripened cheese with dilute solu- 
tion of sodium chloride, following a suggestion of Chittenden,’ 
who has shown that, in a peptic digestion of casein, heterocaseose 
was formed only in small amounts. Since we obtained by our 
extraction with dilute salt solution amounts of proteid represent- . 
ing often as much as 78 per ct. of the total nitrogen present in 


* Studies in Physiol. Chem., Yale Univ., 2:156 (1885-6). 
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the cheese, it became apparent that we were dealing with some 
compound other than heterocaseose. The first suggestion throw- 
ing any light on the method of formation of this salt-soluble sub- 
stance came in the following manner: In studying the action 
of galactase in cheese-ripening, we made cheddar cheese from 
milk containing chloroform, added for the purpose of inhibiting 
bacterial action. Under these conditions no lactic acid was 
present. In order to approximate more closely the conditions 
present in normal cheddar cheese, we added in a parallel experi- 
ment a small quantity of lactic acid, the other conditions of 
experiment being kept uniform. We noticed at once that when no 
acid was present in the cheese, we found little or no salt-soluble 
substance; while in the cheese containing a little added lactic 
acid there were present marked quantities of the salt-soluble 
product. This fact suggested that lactic acid was a necessary 
agent in forming the salt-soluble proteid found by us in cheese. 
Working along the line furnished by this clue, we were led to 
believe that there is a chemical combination between the para- 
casein of fresh cheese-curd and the lactic acid formed from milk- 
sugar during the cheese-making process. We were able to form 
salt-soluble proteids also by treating paracasein with such acids 
as acetic, hydrochloric and sulphuric. In each case definite 
amounts of acid disappeared and the proteid treated with acid 
underwent marked and definite changes in properties. By treat- 
ing the salt-soluble compound with about the amount of acid re- 
quired to convert paracasein into the salt-soluble substance, we 
obtained a body insoluble in salt solutions and differing also in 
other properties. We were thus led to conclude that two sets of 
salts were formed by treating paracasein with acids, one contain- 
ing twice as much acid in combination as the other. We there- 
fore called the salt-soluble compound found in normal cheese para- 
casein monolactate, and the one insoluble in salt solution, para- 
casein dilactate. We also found the same behavior in the case 
of milk-casein when treated by acids. The two series of com- 
pounds varied in respect to many of their properties. The details 
of this work were described in Bulletin No. 214. Our conclusions 
were based upon the fact that when paracasein or casein is 
treated with an acid in definite quantities, we obtain compounds 
of definitely characteristic properties. 
16 
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We desired, however, to carry our work farther, if possible, and 
prove beyond question that there is an actual chemical combina- 
tion between acid and proteid. We desired to prepare the free 
proteid and then treat this with acid and stud'y the results. 

Hammarsten* made a special study of the question of com- 
bination between casein and acids, and concluded that there was 
no ground for believing that a chemical combination takes place 
between casein and the acid used to precipitate it. He based his 
statement on the fact that, by rubbing for several days in a 
mortar with different portions of water a precipitate formed by | 
casein with an acid, he was able to remove the acid so completely 
that the remaining precipitate gave no test for acid. The sub- 
stance which he used in his work was what we have called the 
di-acid. compound of casein. In repeating Hammarsten’s work, 
we are able to remove all traces of acid from the acid-precipi- 
tated casein by the same treatment. We are able by this process 
to prepare a substance free from the acids used as precipitants — 
and also practically free from ash. We found this freshly pre- 
pared substance readily soluble in warm dilute salt solution and 
also in hot dilute alcohol; it also showed the ductile and plastic 
properties given by the substance we called a mono-salt of casein. 
The facts as they presented themselves to us at this point were 
as follows: <A precipitate formed by treating milk-casein with 
an acid, being what we called a di-salt of casein, was by con- 
tinuous washing and trituration converted into a substance free 
from the acid used as precipitant and nearly free from ash; the 
substance precipitated by acid, insoluble in dilute salt-solution 
and in hot 50 per ct. alcohol, was by continuous washing and 
rubbing converted into a substance easily soluble in warm dilute 
salt solution and in hot 50 per ct. alcohol. There was also a 
simultaneous change in other properties. In other words, what 
we called a di-salt of casein was changed into what we had ealled 
mono-salt of casein, but the latter instead of being combined with 
an acid was free from acid and ash. 

In our early study we recognized in a limited way the relation 
of inorganic salts in milk to the neutralization of acid. In Bulle- 
tin No. 214, p. 428, we noticed that when milk, coagulated by 


*Maly Jahresber. d. Thierchem., 7:160 (1877). 
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rennet, is treated with varying amounts of acid, the amount of » 
salt-soluble substance did not increase until a certain amount of 
acid had been used, after which it increased quite out of propor- 
tion to the increased amount of acid used. It was suggested that 
the formation of the salt-soluble compound did not begin until 
certain inorganic salts of the milk had been neutralized. 

After developing the later facts described above, we proposed 
to study more fully the following questions: 


1. What is the relation between milk-casein and the salt- 
soluble compound which we called a casein mono-salt? 

2. What is the relation between the two series of compounds 
previously called casein mono-salts and casein di-salts? 

3. What is the relation of casein and its derivatives to para- 
casein and its derivatives? 


It may be well to state here, once for all, that our work deals 
exclusively with the casein of cows’ milk and products derived 
from it. 


THE RELATION OF MILK-CASEIN TO THE CASEIN COM- 
POUND SOLUBLE IN DILUTE SALT SOLUTIONS. 


A study of the relation of milk-casein to the salt-soluble sub- 
stance, which we have previously called a casein mono-salt, 
naturally resolves itself into a study of the two following ques- 
tions: (1) What is milk-casein, especially in relation to inor- 
ganic compounds? and (2) What is the salt-soluble compound 
formed from milk-cagein? 


THE RELATION OF INORGANIC COMPOUNDS TO MILK-CASEIN, 


Does casein, as it is found in cows’ milk, exist as a free proteid 
or is it in some form of combination with an inorganic compound? 

Hammarsten, who must be regarded as the most successful 
pioneer worker in this field, has not clearly and specifically stated 
what he considers milk-casein to be. He does not appear to make 
any chemical distinction between ash-free casein, as prepared 
from. cows’ milk by his well-known method, and casein as it is 
found in milk. He appears to favor the idea that there is in milk- 
casein some kind of a physical relation between the proteid and 
calcium phosphate, casein acting as a solvent for calcium phos- 
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phate. Eugling* held that casein enters into combination with- 
tricalcium phosphate, and the same view was held by Schaffer.’ 
Sé6ldner® showed that casein prepared from cows’ milk can form 
two calcium salts, (1) a basic calcium casein, containing about 
2.36 per ct. of CaO, neutral to phenolphthalein, but alkaline to 
litmus, and (2) a neutral calcium caesin, containing about 1.55 
per ct. of CaO, slightly acid to phenolpthalein and neutral 
or slightly alkaline to litmus. Sé6ldner believed that this neutral 
calcium casein is probably the form existing in milk, owing to its 
reaction and to its coagulability by rennet in the presence of 
soluble calcium salts. He also held that the calcium phosphate, 
usually found in casein precipitates, exists in a condition of 
suspended particles finely divided, and not in chemical combi- 
nation with casein. Courant’ confirmed the work of Sdéldner, 
calling the basic compound tri-calcium casein, and the neutral 
compound di-calcium casein. He also reported on rather intan- 
gible evidence a mono-calcium casein, the existence of which has 
not been confirmed and appears doubtful. He regards milk-casein 
as made up partly of di-, and partly of mono-, calcium casein. 
Courant’s work was entirely volumetric and no attempt was made 
to isolate the individual compounds. Lehman and Hempel? 
regard milk-casein as a double compound formed by the combi- 
nation of calcium casein and calcium phosphate. 

The work done by us confirms that of Sdldner. While he 
carried on his work mostly by volumetric methods, we have suc- 
ceeded in isolating the two calcium casein compounds described by 
him. The details of our work follow. 

Preparation of casein.—We prepared casein from cows’ milk by 
Hammarsten’s method, repeating the precipitation and solution 
four times. The precipitate was finally dissolved in 20 liters of 
very dilute ammonia water and precipitated by dilute acetic acid. 
The precipitate was ground in a mortar several times with water, 
then with alcohol, after which it was treated with ether and dried 
at 100° C. Ths prepared, the casein was practically ash-free, 

* Maly Jahresber, d. Thierchem., 4:146 (1874). 

4 Landw. Versuchs-Sta. 31:392 (1885). 

5 Landw. Jahrb. d. Schweiz., 1:33 (1887). 

6 Landw. Versuchs-Sta., 35:351 (1888). 


7 Pfliiger’s Arch., 50:109 (1891). 
® Pfliiger’s Arch., 56:558 (1894). 
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containing only .042 per ct. of ash. This preparation was still 
slightly soluble in warm salt solution and in hot 50 per ct. alcohol. 

Behavior of casein preparation toward calcium carbonate.—We 
rubbed in a mortar .5 gram of the casein preparation described 
above with finely divided calcium carbonate, suspended in water. 
The mixture was filtered several times through paper, giving a 
slightly opalescent filtrate. This solution was precipitated by 95 
per ct. alcohol, the precipitate was washed several times with 
alcohol, then treated with ether and dried at 100° ©. This prepa- 
ration contained 2.46 per ct. of CaO, agreeing very closely with 
Séldner’s work in which he showed by an indirect method that 
a cisein preparation treated with calcium carbonate combined 
with 2.39 per ct. of CaO. A part of this calcium casein pre- 
paration was dissolved in dilute ammonia, reprecipitated by 
dilute acetic acid and the precipitate, after thorough washing and 
filtering, was again obtained practically ash-free. 

Solubility of casein preparation in lime-water.—We dissolved 3 
grams of the casein preparation in lime-water and obtained an 
opalescent solution. 

Preparation of basic calcium casein.—The lime-water solution of 
casein was made neutral to plenolphthalein by ;, hydrochloric 
acid and became somewhat more milky. This solution, neutral to 
phenolphthalein, was treated with 95 per ct. alcohol, and the 
resulting precipitate, which readily separated, was washed 
several times with alcohol, finally with ether and dried at 100° C. 
This precipitate contained calcium chloride, either as the result 
of occlusion or possibly of a loose combination with the proteid. 
In several preparations made, calcium chloride was always pres- 
ent in amounts varying from .75 to 1.2 per ct. Chlorine and 
calcium oxide determinations were made with the following re- 
sults: 1.24 grams of material yielded .0331 gram of CaO. 
There was present .0063 gram of Cl, equivalent to .0097 gram of 
CaCl,.or .0047 gram of CaO. This would leave .0284 gram of 
CaO combined with casein, or 2.29 per ct. This preparation was 
therefore the basic calcium casein of Soldner. It was insoluble 
in 5 per ct. salt solution and in hot 50 per ct. alcohol. 

Preparation of neutral calciwn casem.—When a solution of 
casein in lime-water is made neutral to phenolphthalein, the 
basic calcium casein is formed, containing 2.29 to 2.46 per ct. of 
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CaO. When the addition of acid is carried farther, a point is 
reached where the solution becomes neutral to litmus and much 
more milky in appearance than the solution neutral to phenol- 
phthalein. A solution of casein in lime-water was made neutral 
to litmus by the addition of ™. hydrochloric acid; to this solu- 
tion alcohol was added, throwing down a white precipitate. The 
precipitate was washed with alcohol and ether and dried at 100° 
C. This preparation contained 1.13 per ct. of CaCl,. On anal- 
ysis we found that 1.27 grams gave .0257 gram of CaO and. .0093 
gram of Cl (equivalent to .0072 gram of CaO,) leaving .0185 
gram of CaO or 1.46 per ct. as combined with the proteid. Sdldner 
recognized this combination and attributed to it a content of 
1.55 per ct. of CaO. Another preparation contained 0.86 per ct. 
of CaCl, and 1.48 per ct. of CaO combined with casein. 

Behavior of calcium casein solution toward rennet enzym and 
calcwm chloride.—A solution of basic calcium casein, the com- 
pound neutral to phenolphthalein, is not coagulated by rennet 
enzym either in the presence or absence of soluble calcium salts, 
as calcium chloride. A solution of neutral calcium casein, the 
compound neutral to litmus, is coagulated by rennet, in the 
presence of soluble calcium salts. When the soluble calcium salts 
are removed by ammonium oxalate, no coagulation occurs. These 
statements are in agreement with the observations of others. 

Casein present in milk as neutral calcium casein.—Our results 
appear to confirm in every respect the work of Séldner in regard 
to the relation of inorganic compounds to milk-casein. We have 
had the advantage of isolating the two compounds, which with 
him were more largely matters of inference. Of these two cal- 
cium casein compounds, the one containing about 1.55 per ct. of 
CaO and neutral to litmus and coagulable by rennet enzym in the 
presence of soluble calcium salts, appears to meet all the require- 
ments of milk-casein. So far as our present knowledge goes, we 
seem to be justified in regarding milk-casein as a compound of 
the base calcium oxide (1.55 per ct.) and the ash-free proteid 
casein. 

The behavior of calcium casein compounds toward. soluble 
calcium salts.—Basic. calcium casein, prepared by dissolving free 
casein in limewater and making neutral to phenolphthalein by 
acid, is coagulated by soluble calcium salts on warming to 35° to 
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45° C. The coagulum is insoluble in warm 5 per ct. salt solution. 
If any soluble calcium salts present are removed by treatment 
with ammonium oxalate, the basic calcium casein is not coagulated 
on warming. Neutral calcium casein, prepared by dissolving free 
casein in limewater and making neutral to litmus, is coagulated 
on warming by soluble calcium salts. The coagulum is insoluble 
in dilute salt solution. The neutral calcium casein existing in 
milk is coagulated on warming by a few drops of a solution of 
calcium chloride. If we add to milk an amount of acid insuffi- 
cient to cause coagulation or to remove from its combination the 
calcium of the calcium casein, we can produce some coagulation 
on warming. This is probably due to the conversion of insoluble 

into soluble calcium salts, and the same result follows as when 
we add a soluble calcium salt directly to the milk. 

The coagulation of calcium casein compounds by a soluble cal- 
cium salt may be due to purely physical change in the calcium 
casein compounds, or there may be a loose chemical combination 
between the soluble calcium salt and the calcium casein com- 
pounds, the resulting compound being insoluble in the neutral or 
slightly acid medium. 


THE RELATION OF THE SALT-SOLUBLE COMPOUND OF CASEIN TO MILK- 
CASHIN. 


The preparations of calcium casein, while slightly soluble in 
hot 50 per ct. alcohol, were insoluble in warm 5 per ct. salt 
solution. None of these preparations showed in any marked 
degree the properties of the compounds that we have called casein 
mono-salts. We have already called attention to the fact that, 
in making an ash-free preparation of casein from cows’ milk we 
found it to be readily soluble in both warm dilute salt solution 
and in 50 per ct. hot alcohol. This suggested that there might 
be a close relation between these compounds, and we therefore 
made several preparations, the details of which we now give. 

Preparation 1, by use of hydrochloric acid.—We diluted 2 
liters of skimmed milk with 5 volumes of distilled water and 
warmed the mixture to 45° GC. Dilute hydrochloric acid was 
added, accompanied by vigorous stirring to keep the precipitate 
in a finely divided condition. After the precipitate had settled, 
the supernatant liquid was poured off, the precipitate was tritu- 
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rated in a mortar with water and finally allowed to drain on a fil- 
ter paper. It was then removed from the filter paper, mixed 
with water at 45° to 50° C., triturated again and filtered again. 
This was repeated four or five times a day and continued until 
the filtrate gave no test for chlorides. This required four days. 
When the precipitate had finally been drained, it was washed 
with 95 per ct. alcohol. Some of the proteid went into solution, 
owing to dilution of the alcohol by the water still present in the 
precipitate; and this partial solution stopped only after a large 
volume of alcohol had been used. The precipitate was finally 
washed with ether and dried at 100° C. The product thus pre- 
pared was a very friable white powder. It was still somewhat 
soluble in hot 50 per ct. alcohol and warm 5 per ct. salt solution. 
These solubilities are much more marked before treatment with 
strong alcohol and ether. The product was practically ash-free, 
5.28 grams yielding an ash of ,02 per ct. The preparation was 
quite free from chlorides, this being shown in the following man- 
ner:—We dissolved .5 gram in hot concentrated nitric acid, to 
which was added a crystal of silver nitrate. The whole was 
boiled until complete solution of the proteid had occurred. No 
precipitate of silver chloride was formed. 

Preparation 2, by Hanvmarsten’s method.—We used 2 liters of 
skim-milk in making this preparation and followed in exact 
detail the method described by Hammarsten.? Before treatment 
with alcohol, this preparation was readily soluble in warm dilute 
salt solution and in 50 per ct. hot alcohol. It contained 1.06 
per ct. of ash. It was shown to be free from acetates in the fol- 
lowing manner :—We dissolved .5 gram in dilute sodium hydrox- 
ide, then precipitated the proteid by hydrochloric acid and fil- 
tered. The filtrate was made alkaline and evaporated to dryness. 
The residue gave no evidence of ethyl acetate when heated with 
alcohol and sulphuric acid. 

Preparation 3, by use of hydrochloric acid.—We used 2 liters 
of skim-milk, diluting it with 15 liters of warm distilled water, 
and precipitating the casein by hydrochloric acid. The separated 
proteid was allowed to drain on. filter paper and then washed 
with water at 45° ©. It was then mixed with water and 
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triturated and washed several times. The precipitate soon showed 
marked solubility in warm dilute salt solution and in hot 50 per 
et. aleohol. The washing was continued until all chlorides were 
removed. The precipitate was finally washed with alcohol and 
ether and dried at 100° C. It was free from chlorides. Its solu- 
bility was now slight in alcohol or salt solution. The ash con- 
tent was .81 per ct. We have noticed that the degree of fineness 
of the proteid after precipitation largely influences the ash con- 
tent. 

Preparation 4, by use of sulphuric acid.—The same method was 
followed as that described in preparation 38, except that we used 
sulphurie acid as the precipitant instead of hydrochloric acid. 
Triturating this preparation under different portions of water 
four or five times a day, we had to continue the operation 19 
days before the filtrate failed to show the presence of sulphuric 
acid. A little chloroform was added from time to time to pre- 
vent bacterial action. The proteid was found to be entirely free 
from sulphuric acid. The extreme difficulty met in this case in 
removing the sulphuric acid was due to the formation of calcium 
sulphate in the first precipitation and to its slow solubility in 
water. This preparation had an ash content of .56 per ct. Dur- 
ing the process of removing the sulphuric acid, the precipitate 
was readily soluble in hot 50 per ct. alcohol and in warm five 
per ct. solution of sodium chloride. After treatment with alco- 
hol, these solubilities were almost entirely lost. 

Preparation 5, made from lime-water solution of casein.—If we 
dissolve an ash-free preparation of casein in lime-water and add 
to this solution ?. hydrochloric acid until blue litmus is just 
turned red, no visible separation of proteid occurs. If we con- 
tinue to add acid, the proteid separates; and complete precipita- 
tion of the casein occurs when all the calcium in the original 
lime-water solution has been neutralized. This can be shown 
quantitatively in the following manner: Of the lime-water 
employed, 50 cc. required for neutralization 19.2 cc. of 2, hydro- 
chloric acid, using phenolphthalein as an indicator. We dis- 
solved .5 gram of ash-free casein in 50 cc. of this lime-water. On 
titration, the neutral point with phenolphthalein was reached 
when we had used 15.2 ce. of 2, hydrochloric acid. This means 


that calcium oxide, equivalent to 4 cc. of ®, hydrochloric acid, 
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was no longer present as calcium hydroxide, that is, .0112 gram 
of calcium oxide. This amount had combined with the .5 gram 
of proteid, forming 2.24 per ct. of the calcium proteid compound, 
and this proportion indicates the basic calcium casein. 

When we had added 16.4 cc. of 2, hydrochloric acid, the solu- 
tion was just blue to litmus. This imaifaitex that calcium oxide, 
equivalent to 2.8 ce. of 2, hydrochloric acid, or .00784 gram of 

calcium oxide, was no eae present as calcium hydroxide. ~ 
This amount had combined with the .5 gram of proteid, forming 
1.57 per ct. of the calcium proteid combination, and this propor- 
tion indicates the neutral calcium casein. 

When we had added 16.6 ce. of 7, hydrochloric acid to the 
lime-water solution of casein, litmus was turned red, but no pre- 
cipitation occurred yet. After 18.5 cc of 2, hydrochloric acid 
had been added, a precipitate began to ee and the precipita- 
tion of the dissolved casein was complete when we had added 
19.2 cc. of 2, hydrochloric acid, or just enough to combine with 
all the calcium originally present in the solution used. This 
work was repeated with closely agreeing results. This precipitate 
is therefore base-free casem. A preparation made in this manner 
and thoroughly washed showed that all the calcium present was 
there as calcium chloride, either occluded in the precipitate or 
possibly in a loose form of combination with the proteid,—in any 
case there was no calcium base in combination with the casein. 
The precipitate contained in one gram, .00348 gram of Ca and 
.0064 gram of Cl, which amounts agree well for the presence of 
calcium chloride. This body, prepared by neutralizing a solu- 
tion of calcium casein, is insoluble in water but readily soluble 
in warm dilute sodium chloride solution and in hot 50 per ct. 
alcohol. 

In another experiment, 25 cc. of lime-water required 10.6 ce. 
of {, hydrochloric acid to neutralize it. We dissolved in this 
amount. of lime-water .5 gram of ash-free casein, prepared 
according to Hammarsten. To «alae this amount of casein 
completely required 10.6 cc. of 2, hydrochloric acid. The pre- 
cipitated substance was soluble in warm dilute salt solution and 
in hot dilute alcohol. To this substance we added .5 cc. of 2, 
hydrochloric acid and obtained a substance insoluble in warm 
dilute salt solution and only slightly soluble in hot dilute alcohol. 
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When the product made by neutralizing the lime-water solu- 
tions of ash-free casein with hydrochloric acid was dissolved in 
hot 50 per ct. alcohol, the dissolved proteid separated from the 
alcoholic solution on cooling, forming on the bottom of the 
beaker a gummy, sticky mass, which could easily be gathered on 
the end of a glass rod. When the body, freshly precipitated 
from its solution in lime-water, is warmed on the water-bath, it 
can similarly be easily gathered on a glass rod in an adherent 
gummy mass. When warm, it is plastic and can be drawn out 
in fine, long, silky threads. 

Identity of base-free casem and salt-soluble body.—In the pre- 
sentation of facts preceding, we have seen that when an ash-free, 
that is, base-free proteid, or one practically so, is prepared by 
precipitating milk-casein (calcium casein), with an acid, the acid 
precipitant being completely removed from the proteid, or by 
treating a lime-water solution of a base-free casein with an acid 
to the point of acidity with litmus, we obtain a body which 
is soluble in warm 5 per ct. salt solution and in hot 50 per ct. 
alcohol. This body, when freshly prepared and warmed, is very 
plastic and is capable of being drawn into very long, fine, silky 
threads. It behaves in all respects like the compound which we 
were led to regard at first as a compound formed by combination 
of casein and an acid, and which we regarded as a casein mono- 
salt of the acid precipitant. As a result of this work, we now 
believe that the compound formed by treating milk with an 
amount of acid just sufficient to combine with the calcium of the 
calcium casein, in addition to certain inorganic salts of the milk, 
is not a casein mono-salt of the acid but is base-free casein, or 
milk-casein (calcium casein) from which the calcium has been 
removed by combination with acid. 


THE RELATION BETWEEN THE TWO SERIES OF COM- 
POUNDS PREVIOUSLY CALLED CASEIN MONO-SALTS 
AND CASEIN DI-SALTS. 


We have already seen that when calcium casein (milk-casein) 
is treated with dilute acid, the base is removed from its combina- 
tion with the proteid and the base-free proteid is formed, a com- 
pound corresponding in its properties to those of the compounds 
we formerly called casein mono-salts of acids. When to this 
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base-free proteid we add a dilute acid, another body appears to 
be formed, which is insoluble in dilute salt solution and in hot 
50 per ct. alcohol and which differs also in a marked loss of the 
plastic properties exhibited by the base-free proteid. This is the 
familiar substance ultimately formed when milk is coagulated by 
ordinary souring or by direct addition of acids in sufficient quan- 
tity. The formation of this substance has usually been explained 
in two different ways: (1st) It has been quite generally held that 
the acid unites with the inorganic portion (calcium) of the milk- 
casein, thus destroying the combination, and that the free pro- 
teid then appears as solid. (2d) It has been held by some 
that the acid actually combines with the proteid, forming a 
casein salt of the acid used. According to the first explanation, 
only one substance is formed when milk-casein is treated 
with an acid, forming a precipitate, and this one substance is 
the base-free casein. According to the second explanation, two 
substances are formed, one after the other, by treating milk- 
casein with an acid, viz.: (1st) the base-free casein and (2d) a 
compound formed by the combination of the base-free casein 
with the acid. 

Now, the existence of one body with two different sets of 
properties, or of two different bodies, differing in their proper- 
ties, must be acknowledged, when we treat milk-casein with an 
acid in proper proportions. When, by treating calcium casein 
with a certain amount of acid, we obtain the base-free proteid 
and then, by treating this with an additional amount of acid, we 
obtain a body differing in properties from the base free proteid, 
the difference must either be due to chemical combination of 
the proteid and acid or else be the result of a purely physical 
change caused by the acid. Contrary to the view generally held, 
we have believed that there is actual combination between the 
proteid and acid, forming a casein salt of the acid, and this we 
formerly called a casein di-salt of the acid used. Since we have 
shown that our supposed casein mono-salts of acids are simply 
the base-free casein, it would appear that there is only one series 
of casein compounds formed by combination with acids, existing 
as a precipitate. 

Hammarsten held that there could be no combination between 
the casein and acid, because by trituration with water in a mor- 
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tar he was able to remove the acid completely from the proteid. 
We have abundantly confirmed his statement that the acid can 
be removed from the proteid by trituration, but in view of recent 
developments in chemistry, this argument has no weight, since 
we can do the same thing in the case of some well-known and 
well-established inorganic salts. For example, the sulphuric 
acid radical of mercuric sulphate can be completely removed by 
trituration with water. 


EXPERIMENTS SHOWING COMBINATION OF CASEIN AND ACIDS. 


In order to show that there is actual combination between base- 
free casein and acids, we used the following method: We sus- 
pended in 50 cubic centimeters of distilled water .5 gram of 
finely-ground base free casein and allowed the mixture to stand 
one hour, with occasional shaking. At the end of this time, we 
added hydrochloric aeid of known strength in definite quantities, 
after which the volume was made to 100 cubic centimeters by 
water and filtered. The residue was not washed. Aliquot parts 
of the filtrate were titrated with .", sodium hydroxide, using 
phenolphthalein as indicator. The difference between the amount 
of acid added and that found in the filtrate represents the 
amount of acid combining with the easein, plus the amount ad- 
hering mechanically to the casein. It was necessary to use dilute 
solutions of acid in order to avoid dissolving the proteid by an 
excess of acid. The materials used in this work were the four 
preparations of base-free casein which have been already de- 
scribed on pp. 247-49. 

Amount of acid used kept constant in relation to proteid.—In 
the experiments, the results of which are given in Table I, we 
used different solutions of hydrochloric acid of varying dilution, 
but varied the quantity of acid used so that the same absolute 
amount of acid was used in each case, which was equal to 20 
cubic centimeters of aa hydrochloric acid for one gram of base- 
free casein. The work was carried on at room temperature, 17° 
ts” O. 
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TABLE I.—AMoUNT OF HypRocLoric AciIp NEUTRALIZD BY ONE GRAM OF 
BAse-F REE CASEIN Wirn CoNSTANT AMOUNT OF ACID. 
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filtrate. | proteid. | filtrate. | proteid. | filtrate. | proteid. | filtrate. | proteid. 
cc. cc. ce. ce. ce. cc. ce. ce. 
40 n-200 13.6 6.4 13.6 6.4 13.8 6.2 14.0 6.0 
20 n-100 13.4 6.6 14.2 5.8 14.0 6.0 14.2 5.8 
16 n- 80 UES, 6.4 13.6 6.4 13-6 6.4 14.4 5.6 
12 n- 60 14.0 6.0 13.6 6.4 14.0 6.0 14.0 6.0 
8 n+ 40 14.0 6.0. 14.0 6.0 14.0 6.0 14.0 6.0 
4 n- 20 13.6 6.4 14.0 6.0 14.0 6.0 14.2 5.8 
Av’ge 137 6.3 13.8 6:2 13.9 Deal 14.1 5.9 











Amount of acid used varying in relation to proteid.—In an- 
other set of experiments, we used varying quantities of acid for 
one gram of proteid. Otherwise the experiment was carried out 
like those preceding. The results are given in Table II. 


TABLE JJ.—AMoUNT oF HypROocLOoRIC AcID NEUTRALIZD By ONE GRAM OF 
BASE-I'REE CASEIN, TE AMOUNTS OF ACID VARYING. 
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20 | n- 80| 25 19.2 5.8 19.2 5.8 19.0 6.0 19.6 5.4 
10 | n- 60| 16.6; 10.8 5.8 10.6 6.0 10 8 5.8 1120 5.6 
AWVOrah 7.064. F sts oo oes 6 Ogi ateeret test Giese eats 62 2\- o ecte 5.9 











Amount of acid and amount of dilution varied in relation 
to proteid.—The amount of water in which the solid base-free 
casein was suspended was relatively considerable in the preced- 
ing experiments. We wished to see what difference if any, there 
might be when we treated the casein directly with acids of varying 
strength and without farther dilution. We suspended one gram: 
of the base-free casein in each of the following amounts of solu- 
tions of hydrochloric 


cubie 


centimeters of —2 


——— 


100? 


cubic centimeters of =. 


acid: Wifty cubic centimeters of —, 40 
30. cubie centimeters of 


a, Anda 
& 0 


The mixtures were allowed to stand 
one hour with occasional agitation and were then filtered and 
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aliquot portions of the filtrate titrated as in the preceding ex- 
periments. The results are given in the following table: 


TABLE IJI.—AmountT oF Hyprocutoric AcID NEUTRALIZED BY ONE GRAM OF 
BASE-FREF C4SEIN, AMOUNTS AND DILUTION oF ACID VARYING. 





Amount of acid Acid equal to Acid equal to 
eee ct poe ie + used equal to n-100 HCl in n-100 HCl in 
3 i n-100 HCl. filtrate. proteid. 
ces ce. ce, 
50 n- 200 25 18.4 6.6 
40 n- 100 40 33.6 6.4 
30 n- 80 SER, 30.0 7.5 
20 n- 60 gona 25.6 sf 


The results in Table III indicate that when we treat the 
base-free casein wth a more concentrated acid solution, we have 
more acid left in the proteid. This is as we should expect under 
the conditions of experiment. The acid that is not recovered in 
the filtrate must either combine with the proteid or adhere to it 
mechanically. We made no attempt te wash the adherent or oc- 
cluded acid free from the proteid, since any thorough washing 
would remove some of the combined acid. Therefore, the more 
concentrated the acid used in treating the proteid, the more acid, 
as measured by titration, adhered to the proteid in addition to 
the fixed amount of acid that combined with the proteid, as com- 
pared with treatment with an equal volume of more dilute acid. 

It is not easily conceivable that such an amount of acid as is 
represented by about 6 cubic centimeters of ai 
acid should be held only mechanically by one gram of casein, 


hydrochloric 





when we used solutions so dilute as those with which we worked. 
Bearing on this point the following additional experiments were 
made: 


(1) We suspended a weighed amount of base-free casein in 50 
cc. of water, let stand 15 minutes, added —— hydrochloric acid at 
the rate of 6 ce. for one gram of casein and made the volume to 
100 ce. with water. After filtration, the filtrate was titrated and 
the result showed that 5.2 ce. of —~ hydrochloric acid had been 
held by one gram of casein. 

(2) The experiment was repeated, allowing the mixture to 
stand one hour after addition of acid. The result was the same 
as before. 
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(3) The experiment was repeated, except that we used, only 
4 cc, of —— hydrochleric acid for one gram of casein. The fil- 
trate on titration showed no acid, indicating that the entire 4 ce. 
of =~ hydrochloric acid had been held by the casein. 

These results indicate to us that one gram of base-free casein 
combines with about .5 ec. of re hydrochloric acid, to form a 
compound of casein and hydrochloric acid, and that the disappear- 
ance of acid is due to chemical union with proteid and not merely 
to mechanical mixture or adhesion. 

The question has probably come to mind before this as to why 
free casein was not sooner isolated in the normal souring of milk 
or in the treatment of milk by direct addition of acid. It can 
now readily be seen why this was so. Since it requires so little 
acid to change the free casein into its acid combination, the point 
is quickly passed when we have any considerable proportion of 
free casein in the milk. In the normal souring of milk we were 
able to catch the change at a point when 65 per ct. of the casein 
of the milk was in the form of free casein, as shown in Bulletin 
No. 245, p. 12. When we use an acid to precipitate casein from 
milk, an excess is added, so that we get, not the free casein, but 
the compound formed by its combination with acid. 

Summary of action of acids on milk-casein (calcium casein) .— 
When the calcium casein of cows’ milk is treated with an acid, 
the first reaction that takes place is a union_between the acid and 
the calcium combined with the casein, resulting in the formation 
of base-free casein, a compound insoluble in water but soluble in 
warm 5 per ct. solution of sodium chloride and in hot 50 per ct. 
alcohol; a compound which also possesses the property, when 
warmed, of being very plastic and capable of being drawn out 
into long, fine, silky threads. This base-free casein is identical 
with the compound which we formerly regarded as being a casein 
mono-salt of the acid used as precipitant. 

When one gram of this base-free casein is treated with an 
amount of acid equivalent to about .5 cc. in the case of * hy- 
drochlorie acid, the properties of the casein are changed, so that 
it is no longer soluble in 5 per ct. salt solution and only. slightly 
soluble in hot 50 per ct. alcohol; and, in addition, it has lost. 
entirely its plastic properties and the power of being drawn out 


» 
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into fine threads when warm. This substance we regard as 
resulting from the combination of acid with the base-free casein, 
forming a casein salt of the acid used. Our reasons for believing 
that there is actual chemical combination between the casein and 
acid are the following: 

(ist) When a given amount of base-free casein is treated with 
an acid, a quite definite and constant amount of acid appears 
to be neutralized. In the case of +. hydrochloric acid, one gram 
of base-free casein appears to combine with about .5 cc. of acm. 

~(2d) The phenomenon of combination between proteids and 
acids appear to be very general, as shown by Cohnheim and 
others.?° 

(3d) When base-free casein is treated with an acid, it under- 
goes a marked change in its properties. 

(4th) While the combination is comparatively weak, it appears 
to be as strong as in the case of some quite stable inorganic 
salts. The fact that the acid can be completely removed by 
long-continued trituration with water does not constitute an 
argument against combination, since some well-known inorganic 
salts behave the same way under similar treatment. 

(5th) By treating base-free casein with a given amount of 
acid, we form the compound insoluble in warm dilute salt solu- 
tion and hot alcohol. By removing the acid from this latter 
compound, we obtain again the base-free casein with a restora- 
tion of its recognized properties of solubility and_ plasticity. 
Kiach of these compounds can be converted into the other by 
addition or removal of acid. 


THE RELATION OF CASEIN AND ITS COMPOUNDS TO 
PARACASEIN AND ITS COMPOUNDS. 

The coagulum formed by the calcium casein of cows’ milk when 
treated with rennet enzym was called by Hammarsten'™ ‘“ Kase.” 
Schulze and Rose’? suggested the name “ paracasein” for this 
product and their suggestion has been very generally accepted. 
There is still, however, much confusion as to the exact. applica- 
tion of this term, as we shall point out later. 

10 Chemie der Eiweisskérper, pp. 106, 114, 2d Ed. 1904. 


™ Maly Jahresber, d. Thierchem., 4:138 (1874). 
@ Tanduirth. Versuchs-Sta., 31:131 (1884-5). 
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According to Hammarsten’*® and others, the action of rennet 
enzym on calcium casein of milk takes place in two distinct 
stages as follows: (1) The rennet enzym converts the milk- 
casein into paracasein, but there is no coagulation or change vis- 
ible to the eye, the paracasein remaining in the same condition 
apparently as the milk-casein. In the.absence of soluble calcium 
salts, the paracasein remains in this uncoagulated form in the 
case of normal milk. (2) In the second stage, coagulation or: 
separation of the curd takes place in the presence of soluble 
calcium salts. The conversion of milk-casein into paracasein in 
the first stage is due to the rennet enzym alone, while the coagu- 
lation of the paracasein in the second stage is due to soluble 
calcium salts alone in the case of normal milk. The term para- 
casein is commonly applied to both the coagulated and uncoagu- 
lated forms. 

Just what chemical change in the proteid, if any, takes place 
in the conversion of calcium casein into paracasein by the ren- 
net enzym, has not been clearly demonstrated. According to 
Hammarsten’s original theory'* the calcium casein of the milk 
undergoes a hydrolytic splitting by the action of rennet enzym 
into two compounds: (1) A body difficultly soluble, forming the 
chief product and closely resembling casein in composition, para- 
casein; and (2) an easily soluble, albumose-like body, called by 
him whey-proteid, produced in very small amount. ‘The para- 
casein further has not the property of holding calcium phos- 
phate in solution to the same extent that casein has. Ham- 
marsten’’ later modified these views, coming to the conclusion 
that the action of rennet enzym rearranges the casein molecule 
only in a physical way. Du Claux’® regarded casein as existing 
in milk in three different forms in equilibrium with one another; 
this equilibrium could be easily disturbed by the action of acids 
or ferments. Coagulation, according to his theory, was a purely 
physical, mechanical change. <A similar conclusion is held by 
Fuld'’, milk coagulation being regarded as a special case of the 
alternation between suspension and precipitation of a colloidal 

8 Maly Jahresber, d. Thierchem., 2:118 (1872) and 7:158, (1877). 

4 Maly Jahresber, d. Thicrchem., 4:153 (1874). 

© Zeit. f. Physiol. Chem., 28:114 (1899). 


16 Compt. Rend., 98:373. 
7 Bevtriige z. Chem. Physiol. und Pathol., 2:169 (1902). 
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substance. Eugling'® concluded from work done by him that 
acids or rennet, when added to milk, render the insoluble cal- 
cium salts soluble and more readily available for the coagulation 
of the proteid. De Vries and Boekhout*® believe that free acid 
exerts upon the coagulation of paracasein a direct influence in 
some way on its own account, independent of the formation of 
soluble calcium salts. Loevenhart®® has stated that there is no 
chemical difference between casein and paracasein, and that 
observed differences in properties are due to physical changes, 
casein and paracasein being physical modifications of one and 
the same body. According to his belief, paracasein exists in 
larger molecular aggregations than does casein. 

We thus see that, while there is a wide range of opinion in 
regard to the relation of casein and paracasein, there is a pre- 
vailing tendency to regard these proteids, milk-casein and para- 
casein, aS being essentially alike in composition. 

We have already referred to the circumstances which led us to 
regard as a mono-lactate of paracasein a body which we were 
able to separate from cheese by means of a warm 5 per ct. salt 
solution. We have indicated how we came to regard the sub- 
stance formed from this body by treatment with lactic acid as 
paracasein dilactate. We have in the preceding pages shown 
how we now regard the corresponding casein compounds. It is 
now our purpose to consider in a similar manner paracasein and 
some of its compounds, and we shall present our discussion in 
the following order: 


1. The relation of inorganic compounds to paracasein. 

2. The relation of the salt-soluble compound of paracasein to 
paracasein. : 

3. The relation between the two series of compounds pre- 
viously called paracasein mono-salts and paracasein di-salts. 

4. The relation of casein and its compounds to paracasein and 
its compounds. 

THE RELATIONS OF INORGANIC COMPOUNDS TO PARACASEIN. 

In order to study paracasein in its relations to calcium and to 
acids, it was essential to obtain a paracasein that should be prac- 

8 Landwirth. Versuchs-Sta., 31:392 (1885). 


% Landwirth. Versuchs-Sta., 55:221 (1901). 
» Zeit. Physiol. Chem., 41:177 (1904). 
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tically base-free. Preparations made by coagulating cows’ milk 
with rennet and washing the coagulum are high in ash content, 
containing often 4 or 5 per ct.; moreover, such preparations still 
contain the calcium originally combined in the calcium casein of 
the milk and are not satisfactory for such work as we desired 
to do. We therefore made a preparation of paracasein as fol- 
lows: 

Preparation of paracasein.—-To one liter of skim-milk, we added 
1.25 grams of ammonium oxalate; the milk, after standing a 
short time, was filtered through paper. To 500 ce. of this fil- 
trate we added .05 cc. of Hansen’s rennet extract and kept the 
whole at a temperature of 37° ©. for two hours. A small amount 
of thymol was added. To show that the rennet enzym had acted 
upon the calcium casein in the milk, we took 10 cc. of the treated 
milk, cooled to room temperature, and added two drops of a 10 
per ct. solution of calcium chloride. In a few minutes the milk 
had formed a firm coagulum, which indicated that the rennet 
enzym had functioned and produced paracasein. The 500 cc. of 
treated milk we now diluted with 16 liters of warm, distilled 
water and added dilute hydrochloric acid until the proteid had 
separated. This precipitation was accompanied by vigorous stir- 
ring to keep the proteid as finely divided as possible, thus facili- 
tating the removal of inorganic salts. After the precipitate had 
settled, the supernatant liquid was removed, the precipitate was 
filtered and then triturated with warm water and filtered, the 
trituration and filtering being repeated until all trace of chlo- 
rides was removed, which required four days. The precipitate 
after removal of acid was soluble in warm 5 per ect. salt solu- 
tion and in hot 50 per ct. alcohol. Finally, the preparation 
was washed with strong alcohol and ether and dried at 100° C. 
This treatment greatly lessened its solubility in dilute salt solu- 
tion and alcohol. It was nearly ash-free, containing 0.11 per 
ct. and gave no test for chorides when boiled with nitric acid and 
silver nitrate. ; 

Solubility of paracasein nreparation in lime-water.—The para- 
‘asein, prepared in the manner described, was soluble in lime- 
waiter, forming a solution having a dull, opalescent appear- 
ance. 
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Preparation of basic calcium paracasein.—We dissolved about 
two grams of our paracasein preparation in lime-water and made | 
the solution neutral to phenolphthalein by addition of —~ hydro- 
chloric acid. The solution became more milky in appearance but 
no precipitation was observable. This solution was now pre: 
cipitated by alcohol, filtered, washed several times with alcohol, 
finally with ether and dried at 100° C. The preparation was 
insoluble in dilute salt solution and practically so in hot dilute 
alcohol. Determinations of calcium and chlorine gave the fol- 
lowing results: One gram contained a total of .0283 gram of 
CaO, and .0063 gram of Cl (equivalent to .0047 gram of CaO 
combined as calcium chloride). Deducting the calcium oxide 
equivalent, present as chloride, from the total, we have .0236. 
gram, which represents the amount of calcium oxide combined 
with the proteid, or 2.86 per-ct. This preparation therefore corre- 
sponds very closely in its calcium content, with the basic cal- 
cium casein. AS in the case of the calcium casein prepara- 
tions, all the calcium paracasein preparations contained calcium 
chloride. | 

Preparation of neutral calcium paracascin.—When we treat a 
lime-water solution of paracasein with an amount of acid suffi- 
cient to turn blue litmus red, or just a little short of this, the 
proteid separates as a precipitate and this occurs before all the 
calcium of the original lime-water solution has been neutralized. 
This product is insoluble in dilute salt solution and nearly insol- 
uble in hot dilute alcchol. The product was thrown on a filter 
-and washed several times with water. Filtration was rather _ 
slow. The precipitate was then washed with alcohol and ether 
and dried at 100° C. Determinations of calcium and chlorine 
gave the following results: One gram contained .0391 gram of 
ash, a total lime content of .0194 gram of CaO and .0(064 gram 
of Cl (equivalent to .0048 gram of CaO combined as calcium 
chloride). Deducting the CaO equivalent, present as chloride, 
from the total CaO, we have .0146 gram, which represents the 
- amount of calcium oxide combined with the proteid or 1.46 per 
et. This preparation therefore corresponds closely to the neu- 
tral calcium casein. | 

We have seen above that the neutral calcium paracasein. 
formed by making a lime-water solution of paracasein neutral 
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to litmus by acid, separates as a precipitate, while neutral 
calcium casein does not separate thus. At the point of neutrality 
with litmus, the body formed, that is, neutral calcium paracasein 
is precipitated. Jn this respect and in this respect only does there 
appear to be a marked difference between the properties of casein 
and paracesein compounds. This is right in harmony with what 
takes place when rennet acts on milk in the presence of soluble 
calcium salts,—-an insoluble calcium paracasein is formed. This 
shows that our preparation of paracasein had not reverted to 
casein. | 

Preparation of base-free paracasein.—In 50 ce. of lime-water, 
requiring 21.1 cc. of ba hydrochloric acid for neutralization, 
we dissolved .5 gram of our ash-free paracasein preparation. 
The solution became neutral to phenolphthalein after the addi- 
tion of 16.9 cc. of “= hydrochloric ‘acid. This leaves calcium 
oxide equivalent to 4.2 cc. of ~, hydrochloric acid as combined 
with the proteid or .01176 gram of CaO, which is 2.35 per et. 
of the paracasein, and this is the basic calcium paracasein. 

When 18 cc. of = hydrechloric acid had been added, a pre- 
cipitate began to separate, but the solution. was still alkaline to 
litmus. When 18.5 cc. of the acid had been added, precipita- 
tion was complete. This leaves calcium oxide equivalent to 
Z.6 ce. of ~ hydrochloric acid as combined with the proteid, 
or .00728 gram of CaO, which is 1.46 per ct. of the paracasein, 
and this is the neutral calcium paracasein. 

When 21.1 cc. of * hydrochloric acid had been used, an 
amount necessary to neutralize exactly the lime-water used for ~ 
dissolving the paracasein, the proteid was still precipitated. It 
was now quite easily soluble in warm 5 per ct. salt solution and 
readily so in hot 50 per ct. alcohol. On warming, the precipi- 
tate separated on the bottom of the beaker and was easily gathered 
in a mass on a stirring rod. This mass was very plastic, show- 
ing a tendency to flow when kept warm; it also possessed the 
property of being drawn into ‘long, fine, silky threads. It be- 
haved in every respect like base-free casein. 

In another experiment, we dissolved 1.5 grams of our para- 
casein preparation in lime-water and then exactly neutralized the 
solution with hydrochloric acid. The precipitated proteid 
was washed with alcohol and ether and dried at 100° ©, Deter- 
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minations of calcium and chlorine showed their presence in the 
proportions found in calcium chloride, which was probably held 
mechanically in the proteid mass. 

Behavior of lane-water solutions of paracasein convpounds to- 
wards rennet and soluble caletwm salts.—Basic calcium paraca- 
sein, prepared by dissolving hase-free paracasein in lime-water 
and making neutral to phenolphthalein, is not coagulated by 
rennet in the presence or absence of soluble calcium salts. - How- 
ever, a Solution of basic calcium paracasein may be coagulated on 
warming by soluble calcium salts alone without rennet. 

Neutral calcium paracasein, prepared by dissolving base-free 
paracasein in lime-water and making neutral to litmus, is coagu- 
lated readily at room temperature or on warming by soluble cal- 
cium salts, with or without rennet, but not in the absence of solu- 
ble calcium salts. | 

Rennet changes calcium casein to calcium paracasein but does 
not coagulate the proteid. Soluble calcium salts coagulated neu- 
tral calcium paracasein and the action takes place through quite 
a range of temperature ; while basic calcium paracasein is coagu- 
lated by soluble calcium salts only after warming. Here, as in 
the case of the corresponding calcium casein compounds, the 
coagulation may be the result of purely physical change or there 
may be a loose combination between the soluble calcium salt and 
the calcium paracasein compound. . 

Sunuinary of results of work done on paracasein and its com- 
pounds.—We have made and studied the following paracasein 
preparations: (1) Base-free paracasein, the free proteid; (2) 
basic calcium paracasein, containing about 2.40 per ct. of calcium 
oxide, and (3) neutral calcium paracasein, containing about 1.50 
per ct. of calcium oxide. | 


THE RELATION OF THE SALT-SOLUBLE COMPOUND OF PARACASEIN 
TO PARACASEIN. 


Of the three paracasein preparations made and studied by us, 
we have found only one that was readily soluble in warm 5 per 
ct. salt solution and hot 50 per ct. alcohol, and this was the base- 
free paracasein. This body on warming also showed the peculiar 
plastic property and the power of being drawn into long, fine, 
silky threads, which are shown by the salt-soluble substance pre- 
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pared by us from cheese-curd and cheese. This is the body 
which our former work led us to regard as a compound formed 
by combination of paracasein and lactic acid in the case of cheese 
and which we regarded as paracasein monolactate. As the result 
of our more recent work, we now believe that the compound 
formed by treating calcium paracasein (cheese curd) with an 
amount of acid just sufficient to combine with the calcium of the 
calcium paracasein, in addition to certain inorganic salts held 
mechanically in the cheese-curd, is not paracasein mionolactate 
but base-free paracasein, or calcium paracasein from which the 
calcium has been removed by its combination with acid. 


THE RELATION BETWEEN THE TWO SERIES OF COMPOUNDS PREVIOUSLY 
CALLED PARACASEIN MONO-SALTS AND PARACASEIN DI-SALTS. 


When to the base-free paracasein we add dilute acid, another 
body appears to be formed, which differs in properties from the 
base-free proteid in being insoluble in warm 5 per ct. salt solution 
and hot 50 per ct. alcohol, and also in possessing none of the 
peculiar plastic properties of the base-free paracasein. This sub- 
stance is formed when milk is treated with rennet enzym and 
allowed to coagulate either by spontaneous souring or by the 
direct addition of dilute acids. We at first regarded this sub- 
stance as a paracasein di-salt of an acid, but since we have 
shown that what we regarded as a paracasein mono-salt is 
the base-free proteid, paracasein, we now regard this compound 
as resulting from the combination of acid with the base-free 
paracasein, forming a paracasein salt of the acid used, corre- 
sponding to the casein salts of acids, which have been already 
discussed. 

In each -of several experiments we suspended in distilled 
water portions of .5 gram of base-free paracasein and treated this 
with varying amounts of dilute acid of different strengths, agi- 
tating from time to time for an hour. The mixture was filtered 
and the filtrate titrated with _- hydrochloric acid. The 
amount of acid not recovered in the filtrate is regarded as repre- 
senting approximately the quantity that had combined with the 
paracasein. This was found to be equivalent to about 0.5 ec. of 
; hydrochloric acid, closely agreeing with the results obtained 
by treating base-free casein with acid. 


\ 
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THE RELATION OF CASEIN AND ITS COMPOUNDS TO PARACASEIN AND 
ITS COMPOUNDS. 

We have made preparations of the following compounds, which 
have been described in the preceding pages: 

Casein, the base-free proteid or uncombined proteid. 

- Basic calcium casein, containing the free proteid combined with 
about 2.40 per ct. of CaO. 

Neutral calcium casein, containing the free proteid combined 
with about 1.50 per ct. of CaO. 

Casein salts of acids, formed by combination of the free pro- 
teid with acids. 

Paracasein, the base-free or uncombined proteid. 

Basic calcium paracasein, free paracasein combined with about 
2.40 per ct. of CaO. | 

Neutral calcium paarcasein, free paracasein combined _ with 
about 1.50 per ct. of CaO. 

Paracasein salts of acids, formed by combination of the free 
proteid with acids. 

A comparison of the properties of casein and paracasein and 
their compounds strongly suggests that they are chemically alike, 
paracasein and its combinations being larger molecular aggrega- 
tions than casein and its corresponding combinations, in accord- 
ance with the suggestion of Loevenhart. The following state- 
ments serve to bring out the close resemblance more strikingly. 

(1) The free proteids, casein and paracasein, possess the same 
solubilities in warm 5 per ct. salt solution and hot 50 per ct. 
alcohol. They possess the same peculiar plastic properties when 
warmed and show the same power of being drawn out in fine, 
silky threads. 

(2) Casein and paracasein form compounds containing the 
same amounts of combined calcium oxide. 

(3) Casein and paracasein, when treated with dilute acid in 
the proportion of one gram to about .5 cc. of a hydrochloric 
acid, are changed into bodies having the same properties, which 
differ strikingly from the properties of the free proteids. 

(4) Neither basic calcium casein nor basic calcium paracasein 
is coagulated by rennet, either in the presence or absence of 
soluble calcium salts, Basic calcium casein and basic calcium 
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paracasein are both coagulated when warmed to 35° to 45° C. in 
the presence of soluble calcium salts, but not in the absence of 
soluble calcium salts. ! 

(5) Neutral calcium casein (present in milk) is coagulated by 
a few drops of a soluble calcium salt on warming; and neutral 
calcium paracasein (present in milk acted upon by rennet enzym) 
is coagulated at ordinary temperatures by soluble calcium salts. 
Neither neutral calcium casein nor neutral calcium paracasein is 
coagulated by rennet in the absence of soluble calcium salts. 

(6) Neutral calcium casein, prepared by making a lime-water 
solution of free casein neutral to litmus, is an opalescent solu- 
tion, free from any visible suspended particles; neutral calcium 
paracasein, prepared by making a lime-water solution of free para 
casein neutral to litmus, is a clearly defined coagulunr. In this 
respect only does there appear to be any marked difference in the 
behavior of the neutral calcium compounds of casein and para- 
casein. Here the difference is one rather of degree than of kind, 
since neutral calcium casein is coagulated by small amounts | 
of soluble calcium salts on warming, while neutral calcium para- 
casein is coagulated at lower temperatures by soluble calcium 
salts. 


THE RELATION OF THE SALT-SOLUBLE PRODUCT IN 
CHEESE TO PARACASEIN. 


It was from our work with cheese (American cheddar) that 
we gained the first suggestion which led us to investigate this 
field. It is desirable, therefore, that we should now, if possible, 
establish the relation between the salt-soluble, alcohol-soluble 
body obtained from cheese, which we were first led to regard 
as paracasein monolactate and the paracasein compounds we have 
prepared from milk and discussed in the preceding pages. 

We have established the fact that fresh cheddar cheese con- 
tains a large percentage of its proteid in the form of a body solu- 
ble in warm five per ct. salt solution and in hot 50 per ct. alco- 
hol. Weidmann*! dissolved from emmenthaler cheese by hot 
alcohol a substance called by him caseoglutin. Rése and 
Schulze?? made a quite extensive study of the properties of this 


* Landwirtsch. Jahrb., 1882, p. 587. 
* Landwirth. Versuchs-Sta., 31:130 (1884-5). 
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body, but reached no definite conclusions as to whether it was 
an individual compound or what-was its relation to cheese-ripen- 
ing. Winterstein** has studied the cleavage products of caseo- 
glutin treated by concentrated hydrochloric acid and finds the 
proteid bases arginine and lysine present in proportions differing 
from the amounts obtained by Hart** from casein. The results 
of his work cannot be regarded as conclusive, since variation of 
conditions in producing cleavage leads to quite variable results. 
A cleavage study made by us on a similar product suggests a 
close relation between casein and the salt-soluble product, which 
appears to be identical with caseoglutin. (Bulletin 214, p. 638, 
1902.) 
PREPARATION OF CHEESE EXTRACTS. 

Material used to furnish preparation.—We used as the source 
of our material in making preparations for study a cheddar 
cheese one day old, which indicated by its stringing on a hot 
iron an abundance of salt-soluble substance. Portions of the 
cheese were ground in sand and extracted with water at 50° C. 
[he portion insoluble in water was then divided, part to be 
extracted with hot 50 per ct. alcohol and part with warm 5 per ct. 
salt solution. 

Preparation made by extraction with alcohol.—The ground, 
water-extracted cheddar curd was treated with boiling 50 per ct. 
alcohol. The extract was filtered through paper on a hot-water 
funnel. The filtrate on cooling and standing deposited the 
extracted proteid in a rubber-like mass. This mass was ground 
up in water several times, filtered, washed with 95 per ct. alcohol 
and ether, and dried at 100° ©. The product was a hard mass, 
difficult to pulverize. It contained 1.40: per ct. of ash. 

Preparation made by extraction with 5 per ct. solution of 
sodium chloride——The remaining portion of ground, water-ex- 
tracted cheese was extracted with a 5 per ct. solution of sodium 
chloride at 60° C., filtered through paper twice and then precipi- 
tated with two volumes of 95 per ct. alcohol. On standing over 
night the precipitate separated. It was filtered, washed by 
decantation with -water several times to remove the salt and 
finally thrown on a filter paper and washed until al! sodium 


8 Zeit. f. Physiol. Chem., 41:487 (1904). 
* Zeit. f. Physiol. Chem., 33:347 (1900). 
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chloride was removed. The precipitate was then washed with 
alcohol and ether, and dried at 100° C. The product was easily 
powdered. It contained 1.37 per ct. of ash. . 


BEHAVIOR OF SALT-SOLUBLE AND ALCOHOL-SOLUBLE PREPARATIONS 
TOWARD LIME WATER. 


We made a study of the power of these two preparations to 
combine with calcium in comparison with base-free casein, in 
order to ascertain whether they were base-free or not. Our 
method was the following: In portions of 50 ce. each of lime 
water of known strength, we dissolved .5 gram each of base-free 
casein, of the salt-soluble preparation and of the alcohol-soluble 
preparation. These lime-water solutions of proteids were then 
treated with = - hydrochloric acid until the solution was neutral 
to phenolphthalein, with the following results: 


TABLE IV.—PoOWFR OF DIFFERENT PREPARATIONS TO COMBINE WITH CALCIUM. 














sii of s : z 
See: n- quivalent er ct. 
ee San between lime-| to CaO of CaO 
ie : water and combined combined 
neutralize solutions of with with 
; proteids inf proteid. proteid. § 
e-water. 
et ce. Gram. Per ct. 

GO. GG; TMe=wWa OL. catueteeeraseicns ear alee 19.5 — a — 
.5 gram of base-free casein dissolved 

in*50' ce, lime-water. ..<. . secs. 1555 4 .01120 2.24 
.5 gram of alcohol preparation dis- 

solved in 50 cc. lime-water........ 15.4 FW | .01148 2.29 
.5 gram of salt-soluble preparation 

dissolved in 50 cc. lime-water..... 15.6 3.9 -01093 - 2.19 


These results show that the salt-soluble and alcohol-soluble 
preparations made from cheese possessed the same power of com- 
bining with calcium as did casein or paracasein known to be 
base-free, and that they must therefore have been base-free pro- 
teids capable of forming a calcium combination equivalent to 
that of basic calcium casein or paracasein. These preparations 
from cheese appear therefore to be identical with base-free para- 
casein. . 

The calcium of the ash present was evidently not a part of the 
proteid molecule but was probably an impurity of calcium lactate 
or possibly this salt loosely combined with the proteid, appearing 
on ignition as calcium phosphate. 
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BEHAVIOR OF SALT-SOLUBLE AND ALCOHOL-SOLUBLE PREPARATIONS 
TOWARD ACIDS. 


In d2termining the amount of acid that could combine with 
these salt-soluble and alcohol-soluble preparations made from 
cheese, we used the methods already employed in connection with 
casein and paracasein. We suspended .5 gram of proteid in 
water, added 10 cc. of *. hydrochloric acid, made the volume 


100 


to 100 ec. filtered, and titrated the filtrate with —*_ sodium 


100 Ss 
hydroxide, with phenolphthalein indicator. The results, figured 


on the basis of one gram of proteid, were as follows: 








TABLE V.—ACID COMBINING POWER OF DIFFERENT PREPARATIONS. 








Amount of | 4 cid equal to|Acid equal to 








MATERIAL USED. c acid used |"n-100 HCl injn-100 HCl in 
n-100 H Cl. filtrate. proteid. 
: f ce. cc. cc 
amar TEC IGASEIN aes ok een) os heeds ste 6 rd omg, Bak, ok 20.0 13.6 6.4 
Alcohol-soluble preparation..................2.5: 20.0 13.6 6.4 
Steno DO sore ara TOs hei ob op hes cans eindtiel chess beets 20.0 14.0 6.0 

















In respect to the power of combining with acids, these results 
indicate that the alcohol-soluble and salt‘soluble preparations 
made from cheese are essentially the same compounds as casein 
and paracasein, that is, that they are essentially base-free para- 
casein. 


THE NOMENCLATURE OF CASEIN AND PARAGASEIN 
AND THEIR COMPOUNDS. 


From the work presented in the preceding pages, there is rea- 
son to believe that there exist the following bodies, representing 
milk-casein and paracasein and the compounds formed by them: 

Casein, the base-free proteid or free casein. 

Basic calciwm casein, containing free casein combined with 
about 2.40 per ct. of CaO. 

Neutral calcium casein, calcium casein containing about 1.50 
per ct. of CaO in combination, probably identical with casein as 
it exists in cows’ milk. 

Casein salts of acids, compounds existing as precipitates and 
formed by combination of the free proteid with acid. 

Paracasein, the base-free proteid formed by treating calcium 
casein with rennet enzym. 
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Basic calcium paracasein, containing free paracasein combined 
with about 2.40 per ct. of CaO. 

Neutral calcium paracasein, calcium paracasein containing 
about 1.50 per ct. of CaO in combination, probably identical with 
the uncoagulated body present in cows’ milk treated with rennet 
enzym in the absence of soluble calcium salts. 

Paracasein salts of acids, compounds existing as precipitates 
and formed by combination of the free paracasein with acid. 


In most of the literature on the subject, the word casein is 
used indiscriminately to mean milk-casein, free casein, or those 
casein salts formed by acid precipitation. In many cases it is 
used comprehensively to include all the .proteids in cows’ milk. 
A. similar state of confusion exists in regard to the use of the 
word paracasein. it would therefore seem pertinent to make the 
following suggestions, tentatively at least, in regard to the 
nomenclature of these compounds: 


(1) That the word casein be applied only to the free proteid, 
that is, the base-free casein. 

(2) That the compound existing in cows’ milk and commonly 
called casein be called calcium casein. 

(3) That the casein compound containing about 2.40 per ct. of 
CaO be called basic calcium casein. 

(4) That a compound formed by precipitation and combina- 
tion with an acid be called a casein salt of the acid used. 

(5) That the same nomenclature be applied to the correspond- 
ing paracasein bodies, simply substituting the word paracasein 
for casein, with the following addition: Calcium paracasein 
should be applied to the uncoagulated substance produced in 
milk by rennet enzym, while the coagulum of this substance 
caused by soluble calcium salts should be called coagulated cal- 
cium paracasein. 


THE RELATION OF THE RESULTS TO CERTAIN CHANGES 
TAKING PLACE DURING THE CHEESE-MAKING 
PROCESS. 


In the manufacture of cheddar and similar types of cheese, 
after the addition of rennet enzym, and coagulation, there takes 
place a progressive change, resulting in the production of in- 
creased amounts of a proteid soluble in warm 5 per ct. solution 
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of sodium chloride. This product may amount in fresh cheese 
to 75 to 80 per ct. of the proteids present. We were led by our 
former work to interpret these facts as follows: Lactic acid, 
formed by the lactic fermentation of milk-sugar, combines with 
the paracasein of the curd, forming paracasein mono-lactate, 
insoluble in water but soluble in warm dilute salt solution and. in 
hot 50: per ct. alcohol. In the light of the results of our more 
recent work, this interpretation must be modified and the observed 
facts appear to be explained correctly in the following manner: 
The coagulum following the addition of rennet enzym to milk is 
calcium paracasein, either mixed or loosely combined with soluble 
calcium salts. While lactic acid is being formed in the cheese- 
making process, it combines with the calcium of the calcium para- 
casein, forming free paracasein and calcium lactate. The con- 
ditions of manufacture are so controlled that normally not enough 
acid is produced to convert all the calcium paracasein to base- 
free paracasein. The proteids of the curd are therefore a mixture, 
in varying proportions, of calcium paracasein and free para- 
casein. It is the free paracasein that is soluble in warm 5 per ct. 
salt solution and in hot 50 per ct. alcohol; and it is this body 
that has the characteristic property of being drawn out in fine, 
silky threads, when touched with a hot iron. It is the free 
paracasein that imparts to cheese curd its peculiar plastic and 
ductile properties, exhibited in the process known as “ packing ” 
or “matting.” It is the free paracasein, therefore, that appears 
to be the body in which begin to take place the various chemical 
changes grouped under the general term cheese-ripening. 

When, in the process of cheese-manufacture, an excess of lac- 
tic acid is produced, as 0.7 or 0.8 per ct., we have the product 
familiarly known as cottage or Dutch cheese. This product is 
of a loose, granular structure and is insoluble in warm salt solu- 
tion. In this case all the calcium of the calcium paracasein com- 
bines with lactic acid, after which additional amounts of free 
lactic acid formed unite in a loose combination with the free 
paracasein producing paracasein lactate, which differs from free 
paracasein in a most marked manner in respect to its solubilities 
in dilute salt solution and hot alcohol, its plasticity and its ability 
to form fine strings when heated. 


be 
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THE PROTEIDS OF BUTTER IN RELATION TO 
MOTTLED BUTTER.* 





L. L. VAN SLYKE AND E. B. HArt. 


SUMMARY. 


1. Points investigated.—The questions studied in this bul- 
letin are: (1) The relation of casein compounds to cream-ripen- 
ing; (2) casein compounds present in butter and buttermilk; (3) | 
the relation of casein compounds to mottled butter. 

2. Casein compounds in ripened crcam.—In ordinary methods 
of cream-ripening, neither calcium casein nor free casein is present, 
but only casein lactate, when the lactic acid is allowed to exceed .5 
per ct. Casein lactate is the substance most familiar as curdled 
sour milk. 

3. Casein compounds in butter and buttermilk.—When the 
amount of lactic acid in cream exceeds .5 per ct., the casein in 
the butter and buttermilk is present as casein lactate. In butter 
and buttermilk made from so-called sweet cream, we usually find 
calcium casein and some free casein, and on standing for some 
weeks these may be changed in the butter into a mixture of free 
casein and casein lactate or wholly into casein lactate. : 

4. Views commonly held in respect to cause of mottled butter.— 
It has been quite universally believed that the light spots or 
streaks in butter, known as mottles, are caused by the uneven 
distribution of salt, the more concentrated brine deepening the 
yellow color of the fat, and the lighter portions being the unsalted 
or lightly salted areas. 

5. Points studied in relation to mottled butter.—The investiga- 
tion covered the following conditions in relation to the mottling - 
of butter: (1) Richness of cream, (2) degree of ripeness of cream, 
(3) temperature of churning, (4) size of butter-granules, (5) 
temperature of wash-water, (6) working of butter. 








*A reprint of Bulletin No. 263. 
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6. Results of investigation of preceding conditions.—When the 
churning was managed so as to make the butter-granules of the 
size of rice-grains and these were carefully washed twice with 
water below 45° F., removing most of the buttermilk adhering to 
the outer surface of the granules, no mottles were obtained, how- 
ever conditions were varied in other respects. Mottles were 
always found when the buttermilk was not sufficiently re- 
moved. 

7. Relation of proteids to mottled butter.—The amount of proteid 
(casein lactate) in mottled butter is greater in the light portions 
than in the darker portions, and is the cause of the lighter color of 
the mottles.. | 

8. Relation of salt to mottles.—(1) Salt brine does not change 
in any way the color of butter-fat. (2) Salt brine, as it commonly 
occurs in butter, has the power of hardening and localizing the 
proteid particles, the action requiring several hours for comple- 
tion. (3) Butter, free from buttermilk adhering to the outer 
surface of the granules, does not produce mottles when salted, 
whether the salt is evenly or unevenly distributed. (4) Mottles 
do not occur in unsalted butter. (5) In mottled butter, the light 
portions usually contain less salt than the darker portions. 

9. Cause of mottled butter—Mottles in butter are due, prima- 
rily, to the presence and uneven distribution of buttermilk adher- 
ing to the outer surface of the small granules; and, secondarily, 
to the hardening and localizing effect of salt brine upon the pro- 
teid of the buttermilk thus retained in butter. The light por- 
tions of mottled butter owe their lighter color to the presence 
of localized proteid (usually casein lactate). The yellow or clear 
portions occur where the spaces between the butter-granules are 
filled with clear brine and are comparatively free from casein com- 
pounds. Several hours are required to complete the action of the 
brine upon the proteid of the butter. 

10. Prevention of mottles in butter.—Mottles in butter can be 
prevented by avoiding those conditions that retain buttermilk 
in the butter and observing those conditions that favor the 
removal of buttermilk from butter-granules before salting. The 
butter-granules should be about the size of rice-grains and should 
be washed twice with water at a temperature of 35° to 45° F, 

18 
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INTRODUCTION. 


In connection with our study of the action of acids upon 
milk-casein (calcium casein), it occurred to us that the results 
might have an application in some of the stages of butter- 
making. We have clearly established the fact that two distinct 
substances are found in succession when calcium casein is 
brought into contact with an acid, whether it be the lactic acid 
produced in milk by the fermentation of milk-sugar, or some 
other acid such as acetic, hydrochloric or sulphuric. When a 
small amount of acid is added to milk or to a preparation of — 
calcium casein, a precipitated substance unlike calcium casein is 
formed, this substance being soluble in warm 5 per ct. solution 
of sodium chloride and also in hot 50 per ct. alcohol, and possess- 
ing characteristic properties of plasticity and ductility. This 
substance we were at first led to regard as a compound formed 
by direct combination of casein and acid and we called it a casein 
mono-salt of the acid used as precipitant; but we have recently 
shown (Bulletin No. 261) that the compound. is base-free casein. 

When this body is treated with an additional amount of acid 
a substance is formed which is insoluble in warm 5 per ct. salt 
solution and nearly so in hot 50 per ct. alcohol and which has 
lost the plastic and ductile properties that characterize free 
casein. 

This substance we formerly regarded as a casein di-salt of the 
acid used to form it, in the belief that there were two series of 
precipitated salts formed by casein with an acid. Since our later 
work shows that there is only one series, this substance we now 
regard as simply a casein salt of the acid used as precipitant. 

The compound we formerly designated as casein monolactate 
is free casein or simply casein, and the body we previously called 
casein dilactate is casein lactate. 

Since the presence of one or both of these compounds is neces- 
sarily involved in all operations where milk undergoes the change 
of ordinary souring, it seemed desirable to make a special 
study of the following points: (1) What, if any, relation these 
compounds might have to the ripening of cream, preliminary to 
butter-making; (2) whichs of these compounds is commonly 
present in butter and buttermlik; and (3) whether the occur- 
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rence of what is known as “ mottling ” in butter has any relation 
to either of these casein bodies. 


THE RELATION OF CASEIN AND CASEIN LACTATE TO 
CREAM-RIPENING. 


We wished first to ascertain what form of casein compound 
was obtained in the ripening of cream, when the cream showed 
different percentages of acid. Three series of experiments bear- 
ing on this point were made. Some fresh, pasteurized cream was 
treated with a carefully prepared starter in Erlenmeyer flasks, 
stoppered with cotton. These were allowed to stand at room 
temperature, samples being withdrawn for examination from 
time to time. The results of these experiments are given in the 
following table: 


‘TABLE I.—SHOWING. CHEMICAL CHANCES IN CREAM-RIPENING. 








A Nitrogen e 
mount in cream itrogen 
No.of | Atoot | SPRL | Amount | Amount | total | Hagan | eres 
one eee when eueet sugar acid nitrogen of ite af form 
ment. in : and its of casein 
analyzed. eran changed. formed. in cream, eons Taethee: 
pounds, 
Hours Per ct. ! Perv ct. Per ct. Per‘ct. Per’ ct. Per ct 
1 Fresh 3.64 —— 0.15 0.39 0.32 0.00 
1 8 3.58 0.06 0.18 0.39 0.31 — 
1 24 2.92 0.72 0.60 0.38 Uo 0.33 
i 32 2.90 0.74 0.61 0.39 0.30 0.30 
it 48 2.88 0.76 0.62 0.39 0-32 0.32 
1 72 2.90 0.74 0.63 0.38 0.34 0.34 
2 Fresh 3.84 —_-— 0.14 0.41 0.34 0.00 
Pe 24 3.04 0.80 0.64 0.40 0.35 0.35 
3 Fresh 3.81 ——_- 0.14 0.41 0.35 0.00 
3 24 2.93 0.88 0.70 0.40 0.36 0.36 








The following statements are suggested by the data contained 
in Table I: 


(1) Nitrogen compounds in ripened creanm.—When the cream 
was fresh and when it was eight hours old, there was only calci- 
um casein (milk-casein) present, that is, neither of the com- 
pounds (free casein and casein lactate), formed from calcium 
casein by treatment with lactic acid, was present. In 24 hours 
the only casein compound present in the cream was casein lac- 
tate, the compound insoluble in warm dilute salt solution; this 
is the compound commonly observed in milk curdled by ordinary 
souring. In each-of these experiments the cream had eurdle#? 
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completely to a definite coagulum. It would therefore appear ~ 
that in ordinary methods of cream-ripening, when the lactic acid 
is allowed to reach 0.6 per cent., neither calcium casein nor free 
casein is present, but only casein lactate, the substance most 
commonly observed as curdled sour milk. 

(2) Decrease of milk-sugar in cream ripening.—In the three 
experiments the milk-sugar decreased to an extent varying from 
0.72 to 0.88 per ct. in 24 hours. In the first experiment, which 
was continued 72 hours, the amount of milk-sugar decreased very 
little after 24 hours. 

(3) Formation of lactic acid in cream-ripening.—When the 
cream was fresh, the apparent amount of lactic acid was only 
0.14 or 0.15 per ct., which increased in 24 hours to 0.6 to 0.7 per 
ct. In the first experiment, which was continued 72 hours, the 
acid increased very little after 24 hours. 

In connection with these experiments it may be mentioned 
that, in several lots of cream ripened so as to show an acidity of 
38 to 43 per ct., we found much free casein and little casein 
lactate. 

THE ACIDITY OF MILK AND CREAM. 


It may be well in this connection to call attention to the inac- 
curacy involved in attributing the acidity of milk or cream to 
lactic acid alone. The usual method of determining acidity 
in milk or cream is to titrate a given amount of milk with a 
standardized solution of fixed alkali, using phenolphthalein as 
indicator, the alkali being added to the milk until a fairly per- 
manent pink color appears. Lactic acid is not the only com- 
pound in milk that neutralizes alkali. It is well known that 
strictly fresh milk which contains no lactic acid, neutralizes an 
appreciable amount of alkali. The compounds in fresh milk or 
cream that have the power of neutralizing alkali are the follow- 
ing: (1) Calcium casein (milk-casein), (2) acid phosphates 
and citrates, and (8) carbon dioxide. Of these, the calcium 
casein and acid phosphates appear to be most prominent in neu- 
tralizing alkali. While results vary with individual cows, the 
average amount of acidity of fresh milk is about 0.08 per ct., 
calculated as equivalent to lactic acid. If one desires to estimate 
more closely the amount of real lactic acid in milk, it is neces- 
sary only to subtract from the results commonly found .1 per ct. 


+ 
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Just how much deduction should be made in case of cream, it 
is more difficult to say. For ordinary work in creameries, such 
distinctions are not essential. . : 

Therefore, in the results given in Table I, we have not stated 
the absolute amount of lactic acid present in the cream; but 
the results, in the form given, are more readily comparable with 
the results obtained in creamery work. 


THE RELATION OF CALCIUM CASEIN, CASEIN AND 
CASEIN LACTATE TO THE PROTEIDS OF BUTTER 
AND BUTTERMILK. 


The curd present in butter is casein lactate, when the amount 

of lactic acid formed in cream ripening exceeds 0.5 per ct. In 
butter made from cream ripened so as to contain less than 0.5 
per ct. of acid, the same compound of casein is apt to be present 
ultimately in the butter, especially if buttermilk is left in the 
butter to any extent; because the milk-sugar, present in the but- 
termilk remaining in the butter, is changed in time to lactic acid, 
which acts upon any calcium casein or free casein in the butter, 
producing finally the compound usually present in butter made 
from well-ripened cream. 
In butter made from sweet cream; we find in the butter essen- 
tially calcium casein with, perhaps, some free casein. With 
sufficient milk-sugar incorporated in such butter through the 
presence of buttermilk, we may have at different times any one, 
or a mixture, of the compounds of casein, as follows :—(1) cal- 
cium casein, (2) calcium casein and free casein, (3) casein and 
casein lactate, and (4) casein lactate. It is hardly probable 
that we should often find calcium casein alone in sweet-cream 
butter, as it is commonly made; though it would be possible to 
* make the butter so that it would contain only calcium casein. 
In ordinary sweet-cream butter, when fresh, we commonly find a 
mixture of the two forms, calcium casein and free casein. Later, 
after the formation of more lactic acid, we may have free casein 
alone, which with increasing amounts of lactic acid will be grad- 
ually changed into casein lactate, the form commonly present in 
commercial butter made from ripened cream. 

The amount of milk-albumin in normal butter is very minute 
under any conditions. 
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The curd of different butters and of the same butters at differ- 
ent ages presents quite different appearances. For special ex- 
amination of its properties, the curd of butter.is obtained by 
dissolving the fat in ether, or by melting the butter at as low a 
temperature as practicable and allowing the curd and brine to 
settle beneath the layer of butter-fat. The curd prepared from 
fresh butter, made from cream having an acidity of .5 or .6 per 
ct., is gelantinous in appearance and does not readily separate 
into small particles on standing. The curd of butter that is a 
few weeks old often appears granular. This is due, as we shall 
point out later, to the action of salt upon the physical properties 
of the casein lactate. | | 


THE RELATIONS OF PROTEIDS OF BUTTER TO THE 
MOTTLING OF BUTTER. 


The subject of mottled butter has attracted more or less atten- 
tion and has been much discussed in dairy papers. However, 
the literature relating to actual investigations of mottled butter 
is very meagre. The only available work done in this country is 
described in Bulletin No. 64, Maryland Agricultral Experiment 
Station, by C. F. Doane, on “A Study of the Cause of Mottled 
Butter’; and in Bulletin No. 80 of the Iowa Agricultural Ex- 
periment Station, by G. L. McKay and C. Larsen, there is a brief 
treatment of ‘ Gritty Salt as a Cause of Mottles.” In order to 
ascertain the consensus of dairy authorities on this subject, the 
following inquiries were sent to the most prominent teachers of 
dairying in our county: | 


1. Does mottling of butter occur at one particular time of year 
more than another? If so, when? Why? 
2. What different kinds of mottling do you recognize? 
3. What do you regard as the causes that produce mottling? 
4. Has ripening of cream anything to do with mottling? If 
so, how? 
. Does the temperature of churning influence mottling? 
. Does the temperature of the wash-water influence mottling? 
. Does the size of granules influence mottling? ; 
8. Does salt influence mottling? 
9. Has the butter color used anything to do with mottling? 


“Is Ot 
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10. Can you control effectively the mottling of butter? If 
so, how? 

11. What is your theory in regard to the mottling of butter; 
that is, the causes producing it and the manner in which they pro- 
duce it? 

12. Are butter-makers in your section troubled with mottling, 
so far as your observation goes? 


It is a matter of much interest to consider the replies received 
in answer to these questions. 

1. Does mottling of butter occur at one particular time of year 
more than another? If so, when? Why? 

In most cases it is reported that mottling occurs more fre- 
quently in cold weather, because it is more difficult to distribute 
the salt evenly through the butter, owing to the lower tempera- 
ture of the wash-water and the greater firmness of the butter. 

2. What different kinds of mottling do you recognize? 

There is considerable variation in the replies made to this 
question. Summarizing all the different statements, the ques- 
tion is answered as follows: (1) An uneven distribution of color 
showing in small patches, (2) streaking or wavy mottles, (3) 
white specks, and (4) dapples. In most cases the expression in- 
dicates only one kind of mottling but varying in form and show- 
ing as streaks, waves or cloudiness. 

3. What do you regard as the cause of mottling? 

Every reply indicated the uneven distribution of salt in butter 
as the chief or sole cause of mottling. Additional or contribu- 
tory causes are given as follows: (1) Uneven cream-ripening, 
(2) pasteurizing sour cream, (3) insufficient working, (4) chilled 
granules worked too soon. 

4, Has ripening of cream anything to do with mottling? If 
so, how? 

The general opinion is that cream-ripening has no relation to 
the mottling of butter, except that white specks in butter are 
often caused by over-ripe cream. 

5. Does the tenperature of churning influence mottling? 

The general belief ‘expressed is that churning has little or 
nothing to do with mottling. The following special suggestions 
are made: (1) Some temperature conditions of churning make 

. 
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difficult the even distribution of salt and so contribute to mot- 
tling. (2) Too low or too high churning temperature may inter- 
fere with proper working of butter and consequent distribution 
of salt, thus favoring the formation of mottles. (8) If butter is 
made too hard the salt cannot be easily distributed uniformly. 
(4) Overripe cream churned at too high oO produces 
mottles. 

Summarizing these statements. it is the prevailing belief that 
the temperature of churning may affect the mottling of butter, 
when the uniform distribution of salt is made difficult, especially 
churning at low temperature. 

6. Does the temperature of the wash-water influence mottling? 

Some state that the temperature of the wash-water has no 
influence upon the mottling of butter. Several hold that the 
use of water so cold as to harden the butter considerably would 
~ cause mottling by preventing the uniform distribution of ‘salt. 
One states that mottles are produced whenever the wash-water 
is colder than the butter. Another claims that mottles are un- 
usual when the wash-water, salt and butter are of the same tem- 
perature. | 

7. Does the size of granules mfluence mottling ? 4 

The general belief expressed is that there is no relation be- 
tween the size of butter- granules and mottling. One states that 
large granules, when hard, favor mottling; but, when the but- 
ter is soft, the size of granules makes no difference. Two 
state that small granules are preferable since large granules 
favor mottling. 

&. Does salt influence mottling? 

The expression is unanimous that the uneven distribution of 
salt is the chief, if not the sole, cause of mottling. : 
9. Has the butter color used anything to do with mottling? 
All state that butter color properly used is not, in their ex- 

perience, ever a cause of mottling. 

10. Can you effectively control the pong of butter? If so, 
how? 

Summarized in the briefest expression, the belief of all is that 
mottles can be prevented by proper working of butter, that is, 
. by effecting a complete and uniform distribution of salt through 
the mass of butter. Described in more detail, the even distribu- 
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tion of salt and the resulting control of mottles can be accom- 
plished by churning’ between 52° and 55° F. to granules the size 
of wheat grains, drawing off buttermilk, washing once with water 
below 50° F., draining, salting and allowing to stand two to four 
hours before working. 

11. What is your theory in regard to the mottling of butter, 
that is, the causes producing it and the manner in which they 
produce it? 

All answers agree in assigning as the main cause of mottles in 
butter the uneven distribution of salt or brine as the result of 
insufficient ior inefficient working. The manner of production is 
generally explained by the statement that salt or brine intensifies 
or deepens and so changes the color of butter, the light parts 
containing less salt or brine than the darker portions. One holds 
the belief that there is more moisture in those portions of butter 
containing more salt and this produces change of color. 

12. Are butter-makers in your section troubled with mottling, 
so far as your observation goes? 

There is more or less trouble but less than formerly, owing to 
the better education of buttermakers. 

The general teaching of to-day about the mottling of butter is 
well summarized by Mr. H. Hayward in Circular No. 56 of the 
U. S. Department of Agriculture, Bureau of Animal Industry, 
entitled “Facts concerning the history, commerce, and manu- 
facture of butter; ” and we quote from this circular, pp. 185-6 :— 
“One of the serious defects often found in butter is lack of 
uniformity of color, or what is commonly known as ‘ mottles.’ 
This defect is seen in white streaks, spots or blotches, which are 
most pronounced when a lump of butter is cut so as to show a 
broad, smooth surface. If this cut’ surfdce is held at a proper 
angle to the light, any lack of uniformity in color will be plainly 
noticed. So serious is this defect considered that butter other- 
wise perfect, but moitled, is graded as second class in the large 
markets. The causes to which this fault can be attributed are, 
first, particles of curd, differing in size, incorporated in the but- 
ter, and, second, an uneven distribution of salt. Mottles in 
- creamery butter are seldom caused by specks of curd, but in the 
poorer classes of dairy butter this kind of mottles is not infre- 
quently seen. They are most likely to occur when the cream 
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from which the butter is made is thin and allowed to ripen 
without being stirred, or when it is over-ripened without being 
strained. The cream being churned under these conditions, 
lumps of coagulated cream are incorporated in the butter, and as 
the casein does not take the butter color the result is a product 
full of white specks. When the. trouble is caused in this way it 
can be obviated by washing the butter twice in a weak brine 
after the buttermilk is thoroughly drained off. After the last 
washing, instead of draining the brine from the butter, as is 
usually done, the butter should be dipped out of the brine with a 
hair or wire sieve; the specks of curd, being heavier than butter 
or water, will have sunk to the bottom of the churn. 

“ Most of the mottles found in butter, however, are caused by 
an unequal distribution of salt. When the wash-water is consid- 
erably colder than the butter-granules the exterior of the latter 
become harder than the interior; this prevents an equal absorp- 
tion of the salt when the butter is salted and worked, and! mottles 
result. Also, when thin cream is churned at a low temperature 
the butter usually comes in round, shot-like granules; on 
account of being round and quite firm it is with difficulty that 
the salt is equally distributed and, unless great care is exercised, 
the finished butter is mottled. Of course, if under the most favor- 
able conditions the butter is not worked enough to distribute the 
salt equally, mottles will be noticed in the finished product. _ 

“Mottles may be prevented, then, by avoiding high tempera- 
tures in ripening cream, by frequent stirring during ripening, by 
straining the ripened cream into the churn, by avoiding exposure 
of the butter to temperatures too low while in granular form 
(which causes a difference between the interior and exterior of 
the butter-granules) and by. working the butter sufficiently to 
cause an equal distribution of the salt.” 

It is very noticeable that in all the dairy literature which has 
come to our hand there is no suggestion that the proteids present 
in the cream have any connection with mottles in butter, except 
that single form which comes from curdled casein specks or 
particles; but this form is of so infrequent occurrence, compared 
with the other form, that many teachers do not apply the term 
mottles to the discoloration caused by curd particles. It is to 
the other form of mottles that we have given our attention, 
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that is, the form characterized by light-colored streaks, waves 
or large patches. It should be stated that Doane in the bulletin 
already referred to considered the relation of casein (casein 
lactate) to mottled butter but concluded that this proteid had no 
relation to the light-colored streaks of mottled butter. 

- Storch’ appears to attribute the formation of motties to an 
excessively large number of minute liquid drops of what he calls 
“watery mucoid substance,” the difference in the size and num- 
ber of these liquid drops being caused by the action of special 
micro-organisms during the ripening of cream. This theory lacks 
satisfactory demonstration and has not been received with favor. 


GENERAL METHOD USED IN MAKING BUTTER IN EXPERIMENTS. 


Before giving the detailed results of our work, we will give an 
outline of the method employed in making the butter used in our 
experiments. In carrying on some of the practical details of this 
work, we are indebted for codperation to Mr. Geo. A. Smith, 
Dairy Expert. The ‘butter-making was carried on as follows, 
except when otherwise specified in individual experiments :— 
The cream was pasteurized and contained 28 to 30 per ct. of 
fat. A carefully prepared starter was used in ripening the cream, 
the degree of acidity being made to vary in different experiments, 
but in most cases amounting to 0.6 to 0.7 per cent. The tem- 
perature of churning was commonly at 50° to 55° F. The churn- 
ing was stopped when the granules were about the size of grains 
of rice, except in those cases where the churning was purposely 
carried beyond this point. After the buttermilk was removed 
from the granules, they were treated twice with water at 40° to 
45° F., being allowed to drain well after each washing. We 
were careful to keep the temperature of the granules down dur- 
ing the washing so that they would not adhere and form lumps 
but retain their individuality. The completeness of washing the 
granules can be effected by adding the water in the churn and 
giving the churn a few revolutions. For conditions of normal 
work we took pains to remove the buttermilk as completely as 
possible from the granules. The butter was then salted at the 
rate of one ounce of salt for one pound of butter, and worked at 
once in some cases or allowed in others to stand a varying length 
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of time before working, from a few minutes to one or two hours, 
according to convenience. 


RELATION OF RICHNESS OF CREAM TO MOTTLED BUTTER. 


Cream was separated so as to contain 40 per ct. of fat, and 
from a portion of this we made cream containing 20 per ct. of fat 
by adding skim-milk The creams were handled under the same 
uniform conditions. The churning temperature was 50° to 52° 
F.; the granules were treated twice with wash-water at 45° F.; 
salt was added at the rate of one ounce to a pound of butter. 
When the butter-granules were about the size of grains of rice, 
there were no mottles in either case, but when the butter was 
over-churned and gathered in chunks, mottling took place. In 
the case of the rich cream, when over-churned, the butter was 
pasty and the mottles occurred in large patches, the whole mass 
of butter being rather light-colored from the presence from an 
excess of buttermilk. The richness of cream does not appear 
to have any influence in causing mottles in*butter provided it is 
handled in a normal manner during the process of butter-making. 
More care needs to be exercised in churning rich cream to prevent 
over-churning than in case of cream poorer in fat. : 


RELATION OF RIPENESS OF CREAM TO MOTTLED BUTTER. 


We churned creams having acidity of .22 and .25 per ct. and 
also some of the same creams ripened to acidity of .4 and .65 
per ct. These were all churned at 55° F. and the granules 
washed twice with water at 40° F. The sweet cream, was 
churned so as to come in fine granules and in lumps as large 
as hickory nuts or larger. The ripened cream was similarly 
treated. The butters were salted in the usual way. In each 
case, mottles were obtained in the butter in the case of the over- 
churned cream and no mottles in the butter made from granules 
of the usual size. In numerous other experiments, we have 
varied the acidity of the ripened cream from .88 to .78 per ct. and 
obtained butter without mottles except as the result of some 
condition other than-that of the acidity of the cream used. 

In one case, we added a starter to some sweet cream and 
churned at once, churning at 52° F. and washing the but'ter- 
granules twice with water at 45° F. Salt was added in the usual 
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amount. In one case, the granules were fine and produced but- 
ter without mottles, while in-another case the granules were 
overchurned into lumps and mottled butter resulted. 

The matter of white specks of curd in butter, as the result of 
Over-ripened cream, we have not touched at all in our work, 
since all the facts in connection with this trouble have been well 
known for some years. 


RELATION OF TEMPERATURE OF CHURNING TO MOTTLED BUTTER. 


The temperature of churning was usually kept! between 50° 
and 55° F. but variations were made in special experiments, rang- 
ing from 43° to 61° F. Churning at higher temperatures favors 
the production of mottles to some extent, since overchurning 
takes place more readily at! higher temperatures and the butter- 
granules aggregate into larger masses more easily. 


RELATION OF SIZE OF BUTTER-GRANULES TO MOTTLED BUTTER. 


We controlled the operation of churning so as to produce but- 

’ ter-granules and aggregations of these varying in size. In our 

work we have designated the size of the granules as follows: 

Rice-grain size, pea-size (about a quarter inch in diameter), pea- 

nut size (about half an inch in diameter), hickory-nut size 

(about three-fourths inch in diameter) and walnut size (an inch _ 
or more in diameter). 

In general, when the butter-granules were the size of rice 
grains at the close of churning, it was easy to make butter free 
from mottiles by washing the granules twice with water at a tem- 
perature below 50 F°., preferably at 40 F°. But in several trials 
when the churning was made at 55° to 60° F. and the granules 
(rice-fine) were washed with water at 60° F., the butter was 
badly mottled since the granules adhered and formed lumps at 
that temperature before the washing could be completed. In 
several cases, we obtained very slight mottles when the tempera- 
ture of the wash-water was 50° tio 52° F., the granules being rice- 
fine. «4 

When the granules of butter were about the size of peas, there 
was no difficulty in making unmottled butter, provided the tem- 
perature of the wash-water was kept down to 40° F. When the 
wash-water was at 52° F., we had traces of mottles. When the 
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butter granules were allowed to get as large as hickory nuts, 
mottled butter resulted in nearly every case, even when all other 
conditions were favorable to the production of unmottled butter. 
If, however, the buttermilk was once well removed, we found 
that aggregation of granules did not produce mottles. In several 
experiments we churned well-washed butter granules in water at 
a temperature of 60° F. and allowed them to aggregate into 
lumps the size of walnuts and no mottles were found in the 
finished butter as a result of this treatment. 

It would, therefore, appear that any condition favoring the 
production of large aggregations of granules of butter before 
removal of buttermilk, such as overchurning, churning at higher 
temperatures, using wash-water at 60° or above, will favor mot 
tling. In other words, failure to remove buttermilk from the 
butter-granules favors the production of mottles. 

In this connection, it may be well to consider the manner in 
which buttermilk is retained in. butter. We may for practical 
purposes regard buttermilk in butter as being present in two 
different relations. In the first relation the buttermilk is held 
enclosed in every individual granule of butter, and in the second 
relation it adheres mechanically to the outer surfaces of each 
granule. The buttermilk held within the minute granules can 
not' readily be removed, while that adhering to the outer surfaces 
can be practically all removed by proper treatment of the 
granules with cold water. It is the buttermilk adhering to the 
outer surface of the small granules that we must consider in rela- 
tion to mottles. 


RELATION OF TEMPERATURE OF WASH-WATER TO MOTTLED BUTTER. 

Best results were obtained by washing the butter granules with 
water at about 40° F. or even lower. Water at a temperature of 
60° EF. or above tends to make the granules adhere to one another 
and form larger masses, thus tending to prevent a sufficiently 
complete removal of buttermilk. It is important that the wash 
water be cold enough to keep the granules separate during the 
treatment with water. 


RELATION OF WORKING BUTTER TO MOTTLED BUTTER. 


When butter came in rice-fine granules and these were properly 
washed with cold water, working had no influence in producing 
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mottles. When the butter was overchurned, or allowed to form 
large aggregations before removal of buttermilk, mottles were 
present whether the butter was worked or not. In the case of 
the unworked butter, the mottled patches were much larger than 
in the worked. In one case, a badly-mottled butter was worked 
12 times in an effort to remove the mottles. The result was 
simply to destroy the grain of the but'ter and reduce the mottles 
to a smaller size, distributing them more uniformly throughout 
the mass of butter but not removing them. In another case the 
granules were divided, one portion being worked only the usual 
amount, with mottles resulting. The other portion was worked 
several additional times, still preserving the grain, and the appear- 
ance of mottlesy was lessened, but the white portions were simply 
distributed more uniformly and the whole butter anpeared lighter 
in color than normal. 


RELATION OF SALT TO MOTTLES. 


When the butter was not salted, there were no mottles, even 
when butter was overchurned and the granules were aggregated 
into lumps as large as walnuts; but in such cases the butter 
contained an excess of buttermilk and was much lighter in ap- 
pearance than normal butter or than butter from the same cream 
would be when properly made and salted. 

When the butter-granules were obtained in size of rice-grains 
and these were washed free from adhering but'termilk, mottles 
were not produced by the addition of salt even in very unequal 
proportions through the mass of butter. For example, some 
well-washed granules were placed in a butter-mold and then 
a layer of salt sprinkled on the layer of granules and then alter- 
nately layers of granules and salt. The cake of butter produced 
by this extreme treatment showed no mottles. 

In one experiment, some unsalted butter, entirely free from 
any appearance of mottles, was cut into chunks and these were 
partly submerged in saturated salt solution for some hours. The 
portions of butter not covered by the brine were unchanged, 
while there was a very marked appearance of mottling on the 
surface of the submerged portion of butter. The appearance of 
mottles did not extend int’o the mass of butter but was confined 
to the surface in contact with the brine. 
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THE CAUSE OF MOTTLES IN BUTTER. 


The fact that we have no mottles in butter when we have no 
salt! has led to the belief that the salt is the sole cause of mottles 
and produces mottles as the result of its uneven distribution. It 
is held that the salt deepens the color of the butter-fat, the 
lighter portions containing little or no salt, the darker portions 
containing salt. 

Effect of salt on color of butter-fat.—We desired to test experi- 
mentally the question whether salt brine has any influence on 
the color of butter-fat. We took some fresh, colored, unsalted 
butter, melted and filtered it, in order to separate the butter-fat 
from the other constituents of the butter. The filtered portion 
was allowed to harden and then cut into cubes and immersed in 
30 per ct. brine in such a way that a part of the cube was in 
brine and a part out. There was not the slightest increase of 
depth of color or any other change in color noticeable. 

In another experiment, some butter-fat was stirred with salt. 
The mixing produced a variegated color, not a true mottling, 
due to the grains of undissolved salt. The same effect is pro- 
duced by mixing any white substance, sugar for instance, with 
butter-fat. 

It would, therefore, appear that the mottling of butter is not 
produced by salt in the way generally held, viz., by affecting the 
color of the butter-fat itself. 

Amount of salt in mottled and unmottled butter.—We took sam- 
ples of butter by means of a trier, taking a plug through the 
ends of the prints examined. In one sample of unmottled butter, 
the amount of salt at opposite ends of a pound print was 3.65 
and 2.61 per ct. In another unmottled butter, the salt varied 
from 4.6 to 5.3 per ct.; and in still another, from 1.86 to 2.59. 
In some badly mottled butter, the salt at different ends of some 
prints varied from 5.13 to 5.19 and 4.66 to 4.78, which showed 
very even distribution of salt. We may, then, have mottles where 
the salt is evenly distributed, and no mottles when the salt is 
unevenly distributed. Samples taken in the manner indicated 
by a trier give only the average of the mass but do not enable 
one to distinguish the amounts of salt in the lighter and darker 
portions separately. 

Amount of salt in light and dark portions of butter—It is a 
matter of common experience that the lighter portions of mottled 
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butter appear to the taste to contain less salt than the darker 
portions. We examined two samples of mottled butter, deter- 
mining the amount of salt in the different colored portions when 
the butter was 24 hours old. The butter was somewhat over- 
churned purposely to produce conditions for mottling. The wash- 
ing, salting and working were done in the usual way. The two 
butters gave the following results: 


Pre reb te LIND POLtiON soo. s\shere < spate chose 0.91 per ct. of salt. 
51 EA ig eA aoe Ai ee re era 5.45 ee * 
LS ESEG Bes iver inde t «ce ss ake cher okhs oat 0.70 ae - 
SAM te re Rete ais sie a ew letras 6.74 oh ss 


These results agree with the sense of taste in showing that the 
lighter portions contain less ay than the darker portions of 
butter. 

Distribution of brine in butter on standing.—In order to learn 
to what extent the salt of butter becomes more evenly distributed 
on standing, we determined at intervals the salt in the different 
colored parts of some butters referred to in ‘the preceding para- 
graph. The results are as follows: 


» 24 hours. 48 hours. 5 days. 
Butter 1 Light portion..... aL set bs, 1.40 per ct salt. 
peed Dark sts Seca de 5.45 5. 94 TPA Bes: « 
5 MOT Td 1 el ene 0.70 ian 1.69 eB sh 
Peas. Dark eink egy 6.74 6.04 Grasmere e 


These results indicate that after 24 hours, the tendency of the 
salt to distribute itself more uniformly through the mass of but- 
ter is not very marked. The differences indicated may come 
mostly from variation in the samples examined. 

The amount of proteid in mottled and unmotiled portions of 
butter.—The amount of proteid was determined in mottled and 
unmottled portions of several butters and the results are as fol- 
lows: 




















No. of Per ct. proteid in light portion of Per ct. of proteid in dark portion of 

experiment. butters. butters. 

1 1.30 .76 

2 . 76 .14 

3 .76 | .36 

4 .63 20 

5 .86 sail 
Average....... .86 .36 
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These results indicate that the light portions of butter contain 
more casein lactate than the deeper-colored portions. This casein 
lactate comes from retention of buttermilk. It is generally 
noticed that in working butter the liquid coming from the worker 
is turbid and milky when the buttermilk has not been removed, 
while it is more or less clear when the buttermilk has been prop- 
erly washed out of the granules before salting and working. 

The amount of water in mottled and unmottled butters.—The 
determination of water in mottled and unmottled butters gave 
the following results: 








Per cent of water in mottled butters. Per cent of water in unmottled butters. 
13.038 12.87 
18.00 10.52 
Le 10.50: 
15.35 12.00 
15.50 13.30 
Average.... 13.77 11.84 


The mottled butters vary greatly among themselves as well as 
the unmottled in respect to content of water. The larger amount 
of water in these mottled butters is the result of the retention of 
more buttermilk. 

Properties of proteid in butter and buttermilk.—The chief pro- 
teid of butter made from ripened cream is casein lactate. In 
fresh, sweet-cream butter, the chief proteid is calcium casein 
(milk-casein) with more or less free casein. On standing, these 
constituents may change, forming more largely a mixture of free 
casein and casein lactate and, if milk-sugar is present to form 
sufficient acid, casein lactate entirely. The proteids of fresh 
buttermilk are the same as those contained in the butter, and the 
exact kind and amount depend upon the amount of acid formed. 
In ordinary buttermilk, in which the proteid is casein lactate, we 
notice that the proteid exists in fine particles in suspension. 
When buttermilk is treated with salt so as to form a brine about 
equal to that of normal butter, the salt causes the proteid to con- 
dense or concentrate in a more or less solid mass. This effect of 
salt is readily shown in the accompanying illustration. In the 
samples containing 20 per ct. or more of salt, the proteid has 
separated in a marked manner. This same-action takes place 


New York AGRICULTURAL EXPERIMENT STATION. 291 


whether the proteid is calcium casein, casein or casein lactate. 
This action appears to be a purely physical one; the brine seems 
to harden the particles of proteid and cause the proteid mass to 
contract into less space in the tubes. 

Relation of time to formation of mottles——It is well known that 
the light-colored portions do not: appear in butter at once after 
adding salt and working the butter, but several hours are required 
to develop them and the maximum development occurs in about 
24 hours in our experience. In the experiments in which we 
treated buttermilk with salt, the separation or condensation of 
the proteid by the brine was not at its greatest until 24 hours 
had elapsed. 


RELATION OF PROTEIDS OF BUTTER TO MOTTLES. 


The facts presented in the foregoing pages appear to us to fur- 
nish a satisfactory explanation of the causes of mottles in butter. 
Reviewing these facts, we have seen that: 


(1) Salt brine does not change in any way the color of butter- 
fat. 

(2) The amount of salt may vary considerably in different por- 
tions of butter that is not mottled. 

(3) In different portions of badly mottled butter, the distri- 
bution of salt may be very uniform throughout the mass of butter 
as a whole. 

(4) In mottled butter, the light portions usually contain less 
salt than the darker portions. 

(5) Mottles proper do not occur in unsalted butter. 

(6) The amount of proteid in mottled butter is greater in the 
light portions than in the portions of normal color. 

(7) Unsalted butter, containing buttermilk adhering to the 
outer surface of the granules, mottles on the surface when sub- 
merged in concentrated salt brine. 

(8) Mottling does not occur in butter when the buttermilk, 
adhering to the outer surface of the small granules, is mostly 
removed. 

(9) Small butter-granules (rice-size) washed with water at 
low temperature lose most of the adhering buttermilk and no 
mottles appear in the finished butter in the presence of salt. 
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(10) Large granules or chunks favor the retention and uneven 
distribution of buttermilk and we get mottles in the finished 
butter. 

(11) Salt brine, as it usually occurs in butter, has the power 
of hardening, condensing and. localizing in space the proteid 
(usually casein lactate) of butter. The action requires several 
hours. 


From these facts, it would appear that mottles in butter are 
due primarily, to the presence and uneven distribution of butter- 
milk adhering to the outer surface of the small granules; and, 
secondarily, to the effect of salt brine upon the proteid of the 
buttermilk thus retained in butter. In the absence of either salt 
or excess of buttermilk, we have no mottling. Mottling ocurs 
most frequently as the result of an uneven distribution of butter- 
milk in the presence of salt distributed either evenly or unevenly. 
Mottling may be produced by an uneven distribution of salt in 
the presence of an excess of buttermilk even when uniformly 
distributed. In general, those conditions that favor the elimina- 
tion of excess of buttermilk or its even distribution tend to pre- 
vent mottles; while those conditions that favor the retention and 
uneven distribution of buttermilk in butter tend to form mottles 
in the presence of salt. 


THEORETICAL CONSIDERATIONS RELATING TO THE FORMATION OF 
MOTTLES IN BUTTER, 

We have presented the facts showing that the formation of 
mottles in butter is due primarily to the presence and uneven 
distribution of an excess of buttermilk adhering to the outer 
surface of the small butter-granules, and, secondarily, to the 
action of salt brine upon the proteid of the buttermilk thus 
retained in butter. We desire to consider a little more fully how 
the action takes place. 

A mass of butter must be regarded as an aggregation of butter- 
granules more or less loosely compacted. There is a variable 
amount of space between the granules and in these interstices we 
find the salt brine and also the buttermilk that is left adhering to 
the outer surface of the granules. There exist, therefore, more 
or less extensive channels through which movement of brine or 
buttermilk may take place to a limited extent, when conditions 
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favor any movement. The brine present in freshly packed butter 
does not necessarily remain, each particle, in the exact position in 
which it is left when packed and not subject to any further 
mechanical manipulation. The conditions that favor movement 
or limited circulation of the brine in butter are an unequal distri- 
bution of salt brine and buttermilk, producing a variation in the. 
specific gravity which tends thus to become uniform within 
limited areas. When there is an imperfect removal of the but- 
termilk adhering to the outer surface of the small butter-granules, 
the buttermilk is unevenly distributed, being more or less local- 
ized in different portions of the mass of butter. When the salt 
brine comes into contact with these masses of buttermilk, the 
casein lactate is slowly acted upon by the brine, being hardened 
and remaining localized. The yellow or clear portions occur 
where the spaces between the butter-granules are filled with 
clear brine and are comparatively free from casein compounds. 
The fact that time is required to produce mottles is explained, 
first, by the time required for the movement or circulation of 
brine to take place and come in contact everywhere with the casein 
compounds, assuming that this has not occurred in the working of 
the butter, and second, by the amount of time required for brine 
to act upon the casein compounds of butter. 

The discussion presented in the foregoing paragraph is, apart 
from the facts that have been clearly established, intended as a 
theoretical explanation or suggestion of what takes place when 
mottles form in butter. While the data presented point to the 
fact that there is some movement of brine in packed butter, the 
matter has not been studied in sufficient detail to justify any 
specific statement. Such a study is attended with serious diffi- 
culties, but we plan to make further investigation of this phase 
of the subject. 


PREVENTION OF MOTTLES IN BUTTER. 


Since the presence of mottles in butter is primarily due to an 
excess of buttermilk in the mass of butter-granules, the most 
effective method of preventing mottled butter is to free the but- 
ter-granules as completely as practicable from the buttermilk 
adhering to the small granules. In order to accomplish this, 
the churning should be stopped when the granules are about the 
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size of rice-grains, preferably at a temperature of 50° to 55° F. 
After the buttermilk has been drawn from the granules, they are 
treated with an amount of water at 35° to 45° F., about equal to 
the buttermilk drawn off, the churn being rotated a few times to 
insure complete contact, after which the water is drawn off and 
the granules are similarly treated a second time. The granules 
are then allowed to drain; the final drainage water from the 
granules should be clear. After this the salting and working 
are carried out in the usual way. 

In working with large quantities of butter, it is obvious that 
Somewhat more care will need to be used to make the washing 
effective than in the case of smaller amounts. 
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SULPHUR WASHES FOR ORCHARD TREATMENT, II.* 


P. J. Parrott, S. A. Beacu Anp F. A. SIRRINE. 


SUMMARY. 


This bulletin contains the results of the second year’s experi- 
ments to determine to what extent sulphur washes may be used 
in the place of bordeaux-arsenical mixtures for orchard treat 
ment. 

One application of a sulphur wash to apple trees reduced the 
scab by 22 per ct. A combined treatment, consisting of one ap- 
plication of a sulphur wash before blossoming and two applica- 
tions of a bordeaux-arsenical mixture after blossoming reduced 
the scab 73.7 per ct., and wormy apples (codling moth injury) 
27.1 per ct., which are practically identical with the results ob- 
tained by the usual three applications of the bordeaux-arsenical 
mixture for the control of these two pests. 

In the experiments with pear trees an application of a sulphur 
wash before blossoming proved an efficient remedy for the pear 
blister mite (Phytoptus pyri Scheuten). Owing to the absence 
of pear scab in the orchards under observation no results were 
obtained as to the value of this treatment for this disease. For 
the same reason there were no data as to the effects of an early 
application of a sulphur wash upon brown rot. 

The comparative tests of arsenite of soda and arsenate of lead 
for the treatment of the plum curculio gave inconclusive data, 
as this inseet did no apprciable amount of injury. In the experi- 
ments with the codling month there was an average of 8.6 per ct. 


* A reprint of Bulletin No. 262. 
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wormy apples upon the trees sprayed with arsenate of lead and 
9.0 per ct. wormy apples upon the trees sprayed with arsenite of 
soda as compared with 20.7 per ct. wormy apples from the 
checks. The applications of the sulphur washes had no appreci- 
able effect upon this insect. 


INTRODUCTION. 


The experiments upon the use of sulphur washes for orchard 
treatment were continued during the past season. The main 
object ef this investigation is, briefly, to ascertain the range of 
these sprays as combined insecticides and fungicides and to 
determine to what extent they may be employed in place of the 
bordeaux-arsenical mixtures. Attention was directed to this 
problem by reason of the growing use of the sulphur washes for 
the San José scale, which in addition to being efficient remedies 
for this pest, have proven to be of more or less value for other 
insects and certain plant diseases common to fruit trees. The 
plan for the spraying of the orchards is essentially the same as 
that followed in the work of the previous year. The exceptions 
that may be noted are that comparative tests were made of the 
lime-sulphur wash and the lime-sulphur-caustic soda wash for 
scale treatment, and of arsenate of lead and arsenite of soda for 
the codling moth and the plum curculio. 


OUTLINE OF THE EXPERIMENT. 
PLAN. 


Following the plan adopted last year, blocks of bearing apple, 
peach, pear and plum were divided into four sections, the vari- 
eties being distributed as evenly as possible. These sections were 
treated as follows: Section No. I, sprayed once with a sulphur 
wish; Section No. II, sprayed once with a sulphur wash before 
the opening of the buds and twice, after the dropping of the 
blossoms, with bordeaux mixture containing an arsenical poison; 
Section No. III, check, no treatment; Section No. IV, sprayed 
three times with a bordeaux-arsenical mixture,—once before the 
opening of the buds and twice after the dropping of the blossoms. 
Owing to the risk of injuring the foliage of the Japanese and 
native varieties of plums by the bordeaux-arsenical mixtures only 
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a few trees of these sorts were given the second and third treat- 
ments by this spray. 


PREPARATION OF THE SPRAYS. 


Tue BorpEraux-ARSENICAL MIxTURE. 


MMMM ALS, DO UNOS Ec cathy olenig cieoc o:0 earl oe 5 ook ayege msgs 0s eee oe 5 
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The bordeaux mixture was made by the usual method. To 
each barrel of freshly prepared mixture either one pint of arsenite 
of soda or three pounds of arsenate of lead were added. These 
proportions were used for the treatment of all varieties under 
experiment. 


Tue Lime-SutpHur Wasa. 
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This was prepared by first shaking the lime to a thin white- 
wash. The sulphur was then added and was stirred until it was 
thoroughly distributed throughout the lime; after which the mix- 
ture was boiled from one to two hours. 


Pv 3% Tam Lime-Sutppur-Caustic Sopa Wasu. 
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The sulphur was made into a paste with six gallons of water 
and was then poured over and well mixed with the lime. Water 
was used as needed to keep the lime-sulphur material during the 
slaking process in the consistency of a rather stiff paste. As 
soon as the lime was slaked, the full amount of caustic soda was 
added and was stirred in the wash until the boiling had ceased. 

In spraying the trees one application of the sulphur wash was 
‘made before the appearance of the leaves while the bordeaux- 
arsenical mixtures were applied as follows:—(1) Before the leaf 
buds burst; (2) just after the blossoms fell; and (3) from ten to 
fourteen days _iter than the second application, according to the 
plan of treatment as previously outlined. 
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LOCATION OF ORCHARDS. 


The orchards in which the experiments were conducted are 
situated on Long Island, near Riverhead; in the lower Hudson 
Valley near Yorktown; and in western New York at Geneva in 
Ontario county, near Carlton Station in Orleans county, and at ~ 
Youngstown in Niagara county.. As the relative abundance of 
orchard diseases and insects is often determined by the local 
conditions the experiments were distributed over a larger area 
than before that data might be obtained on as many species as 
possible. In carrying out this work especial consideration was 
given to the forms which are susceptible to treatment during the 
dormant season or early spring. 

The number of trees sprayed with the sulphur washes was. 
7325, divided as follows: Prunes 150, cherries 348, plums 1359, 
peaches 1149, pears 2822 and apples 1497. The details of the 
experiments giving the more important results are discussed 
under separate headings. 


ORCHARD I. (SUFFOLK COUNTY.) PIHACHES. 


_ This. orchard is adjacent to Centerville. For the experiment 
164 Elberta and 25 Triumph peaches were selected for treatment. 
These trees have been given good care with respect to cultiva- 
tion, pruning and fertilization. For the years 1899, 1900 and 
1901 they received the regular treatment with bordeaux mixture 
for the prevention of leaf curl. In 1902 and 1903 spraying was 
neglected and the trees were severely injured by this disease. 
The San José scale was present in the orchard but the infestation 
was usually not extensive. For checks, 1300 trees in adjacent 
rows were reserved. 

Conditions.—Applications of the sprays were made April 14, 
15 and 16. During the two weeks immediately following the 
treatment rains fell on April 20, 25, 27, 28 and 29, the total pre- 
cipitation for the period being 2.57 inches. The wash used was 
the self-boiled lime-sulphur-caustic soda wash. 

Results on scale—The sulphur wash proved very efficient. 
Several careful examinations made as late as October 1 failed to 
reveal any evidence of living scales. 

Results on peach leaf curl.—With the exception of some of the 
leaves at the terminal buds the sprayed trees were practically 
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free from attacks of the leaf curl. A few leaves in various other 
parts showed small diseased areas, but the infestation was not 
sufficient to destroy the leaves or cause them to drop prematurely. 
The unsprayed trees were much defoliated by the curl and were 
in an unthrifty condition as a result of the attacks of this disease 
for three successive years. 

Effect of sulphur sprays on trees.—A few Elbertas, which had 
made an advance growth at the time of spraying, showed a 
slight reduction in the amount of foliage. With this exception 
the appearance of the trees was normal. The setting of fruit 
upon the sprayed trees was 98 per ct. better than that of the 
unsprayed trees. But this difference largely disappeared with 
the June drop which resulted in an almost entire loss of the fruit 
upon all the trees in the various lots. 


ORCHARD II. (SUFFOLK COUNTY.) PEARS. 


This orchard is located about three miles from Riverhead, L. I. - 
It consists of 1380 Keiffer pear trees, which have been planted two 
years. These have been given careful cultivation but have not 
been sprayed until the present experiment was conducted. 

Conditions.—On April 8, twenty of the trees were sprayed with 
the self-boiled lime-sulphur-caustic soda wash, the remainder 
being reserved as checks. The precipitation for the next two 
weeks was as follows: April 9, rain, 1.32 inches; April 11, rain, 
115 inch; April 12, .285 inch; April 14, snow, .07 inch; April 
16, rain, .12 inch; April 20, rain, .025 inch. The total precipita- 
tion for the period was 1.98 inches. One application of the wash 
was made which, on account of the small size of the trees, was 
very thorough. 

Results on pear blister mite—On April 8, the leaves of the 
unsprayed trees were nearly all infested with blister mite while 
the sulphur-treated trees were apparently unaffected. By May 
16 there were a few leaves on four of the sprayed trees that 
showed slight traces of the mites, but the remaining sulphur- 
treated trees showed no evidence of infestation. About June 25 
the mites upon the unsprayed trees were migrating to the newer 
foliage while none were observed upon the sprayed trees. A 
careful examination on August 1 showed that there were eight 
trees in the sprayed lot that had traces of mite work while the 
checks were uniformly well infested. 
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Results on pear trees.—The trees were uninjured by the treat- 
ment. The applications of the sulphur washes destroyed the 
lichens and left the bark clean. All foliage set after June 15 
was still adhereing on October 20, while the unsprayed trees were 
nearly bare. All foliage set prior to June 15 on both the sprayed 
and unsprayed trees was very much affected by leaf rust 
(Gymnosporangium sp.). Duchess and Seckel pears in the same 
orchard were free from this disease and also from the blister 
mite. 

Hand picking of infested leaves—During the years 1903 and 
1904 Mr. Sirrine conducted some experiments to determine the 
value of such treatment for the pear blister mite. During the 
last week in May, 1903, all infested leaves from five trees were 
removed and carried out of the orchard. One week later five 
more trees were treated in the same manner. An examination 
of these same trees on June 29 showed slight traces of infestation 
of the newly developed leaves. On May 16, 1904, these trees were 
carefully examined again when it was found that a number were 
abundantly infested. It is likely that the destruction of the 
infested leaves for two years in succession would have given 
more satisfactory results. At the best this method of fighting 
the mite is only practicable upon small trees and does not appear 
as effective as a thorough treatment during dormant season with 
a contact spray. 


ORCHARD III. (WESTCHESTER COUNTY.) APPLES AND PLUMS. 


This orchard is located near Yorktown. The apple trees vary 
from 30 to 50 years of age. These have for the past ten years 
received very careful attention with respect to the cultivation 
and spraying. The leading varieties are Baldwin, Gravenstein, 
Nonesuch and Roxbury. For the experiment 276 trees which were 
variously infested with scale were used. In the work with the 
plums 434 trees of the varieties Burbank, Lombard and Satsuma 
were selected for treatment. These were variously infested with 
scale but have been given the best of care. 

Conditions.—Spraying with the sulphur washes was begun in 
this orchard on April 7 but owing to rains it was not completed 
until April 12. During every day that the trees were being 
treated the work was delayed by rains. On the evening of the 
7th showers fell which continued at irregular intervals during 
the following days until the morning of the 12th when there 
was a heavy rain. The bordeaux-arsenical mixtures were applied 
April 18-20, June 2-6 and July 6-8. Owing to interference by 
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rain, it was impossible to follow the prearranged plan for spray- 
ing, and much difficulty was experienced in applying thorough 
treatments to the trees. 

With the opening of the buds there were marked differences 
in the trees under the same treatment. This variation was shown 
in the color of the leaves and in the relative amounts of foliage 
and fruit, and was noticeable in all of the four sections. These 
results did not appear to be occasioned by this season’s treatment 
but were apparently due to the ill effects of last year’s spraying 
with bordeaux mixture. In the summer of 1903 applications of 
this mixture caused severe injuries to the foliage; and it is rea- 
sonable to suppose that the accompanying defoliation, probably 
coupled with injuries by the severe winter following, was ‘largely 
responsible for the condition of these trees. With the picking 
of the fruit on September 27 the apples were carefully examined 
with respect to scale, codling moth and scab, the results. being 
tabulated as follows: 


‘TABLE [L.—YuirLp oF Sounp, Worwy AND DISEASED APPLES UNDER DIFFERENT 
TREATMENTS AT YORKTOWN. 
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Results on codling moth.—The average percentage of wormy 
apples (picked) from Section I is 27.6; Section ITI, 3.6; Section 
III, 24.8; and Section IV, 8.9. The sound fruit from trees treated 
with the bordeaux-arsenical mixtures averaged 93.8 as compared 
with 74.1 per ct. of sound fruit from the checks and from the 
trees treated with sulphur wash alone. 

Results on scale.—The applications of the sulphur wash greatly 
reduced the numbers of the scale and insured the production of 
fruit which was practically free of scale. The average percent- 
age of infested fruit from the sulphur-treated trees was 5.3 as 
compared with 17.0 per ct. of scaly fruit from the untreated 
trees. As in Orchard IV, the infested fruit of the unsprayed 
trees was usually much more conspicuously marked than that 
of the sprayed trees. 

Results on plums—With the exception of some trees of the 
varieties Burbank and Satsuma the scale was kept well in control - 
by the sulphur sprays and clean fruit was harvested. The brown 
rot destroyed a few of the plums, but it was not sufficiently abun- 
dant to indicate the value of the sulphur washes for the treat- 
ment of it. Likewise the plum curculio caused very little injury, 
so that no data were obtained as to the comparative merits of 
the arsenite of soda and arsenate of lead for its control. 


ORCHARD Iv. (ONTARIO COUNTY.) APPLES. 


This orchard is located in Geneva. It was planted about 25 
years ago and consists of 42 trees of large size and of the varie- 
ties Baldwin and Greening. When the trees became infested is 
not known, but at the time of treatment the scale was well dis- 
tributed over each tree, many of the branches being encrusted. 
A portion of this orchard was sprayed in 1902 with the lime- 
sulphur-salt wash, but with this exception the trees have been 
neglected. Last year’s crop of fruit was practically worthless 
because of the scale. 

Conditions.—The trees were sprayed April 9-12. The weather 
was cloudy with light winds. On the afternoon of the 9th a 
heavy thunderstorm occurred and intermittent showers fell dur- 
ing the remaining days. The buds were well swollen, but none 
of them had burst. The trees were given a thorough treatment 
with either the lime-sulphur-caustic soda wash or the boiled lime- 
sulphur wash, being sprayed from all directions until they were 
completely coated with the mixtures. On account of the lack 
of a suitable tower with the spraying machine, considerable diffi- 
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PLATE XXNIIJ.—EXPERIMENTS WITH Dcagwoop Sctrvy BARK LOUSE: ee 
ENLARGED VIEW OF 4; 2, ENLARGED VIEW OF 5 SHOWING INORE/ SE OF 
Younc ScaALes; 4. SPRAYED; 5, CHECK; 6, CONDITION oF SCALE F **VIOUS 
TO TREATMENT. 
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PLATE XXIV.—EXPERIMENTS WITH OYSTER SHELL BARK LOUSE: 1, 2 
AREAS OF BARK FROM CHECKS; 4, 5 AND 6, AREAS FROM SPRAYED TRE 
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PLATE XXV.—SPRAYING OUTFIT AND r <a at a EMPLOYED IN 
OrcHARD VII, SECURING Most SUvcESSFUL CONTROL OF SCALE. 






: a ey ho 


. ae A 


sae :? 
2 





To oe 
> 


isa a > See 









, Al 


oe 


Pe its es 






New YorK AGRICULTURAL EXPERIMENT STATION. 305 


culty was experienced in treating the upper portions of the trees. 
In attaining this end the lower branches were repeatedly drenched 
with the wash and were much oversprayed. The precipitation 
following the operations was as follows: April 18, 14 and 15, 
heavy snow during the afternoon and evening; April 19, heavy 
snow followed by rain; April 20, rain all day; April 24, light 
Showers in the afternoon; April 27, rain in the. afternoon and 
evening. The bordeaux-arsenical mixtures were applied April 
12, June 1 and June-14. The second application with this spray 
was made just as the petals were dropping, for the purpose of 
controlling the codling moth. 

Effects of sulphur sprays on trees.—On May 10, the buds were 
opened and the leaves were appearing in clusters. At this time 
it was evident that the treatment of the lower branches had 
reduced the number of buds, but it was hardly possible to deter- 
mine the exact nature or the full extent of the injuries. By 
June 24 when the leaves and fruits were well developed the effects 
of the spraying were more plainly marked; for the lower por- 
tions of the sulphur-treated trees had relatively less foliage and 
fruit than like areas upon the untreated trees. The sprayed 
trees as a rule bore their crops on their topmost branches while 
with the unsprayed trees there was usually a more even ‘distribu- 
tion of the fruit. The sulphur-treated Baidwins had on the aver- 
age much smaller yields, than the untreated trees. The Greenings 
did not set as heavy a crop, and the yields of the sulphur-sprayed 
trees were on the whole not as large as those of the unsprayed 
trees. On October 16 the fruit was picked and counted. The 
yields are as follows: 


TABLE [I.—YIELDS OF SPRAYED AND UNSPRAYED TREES. 


























GREENINGS. BALDWINS. 
SPRAYED. NOT SPRAYED. SPRAYED. NOT SPRAYED. 
Tree. Fruits. Tree. Fruits. Tree. Fruits. Tree. | Fruits. 
1 781 11 850 1 1293 10 3354 
2 1604 Lo 5326 2 1199 Lg 3420 
3 339 13 1032 3 2108 12 28° 2 
4 296 14 695 4 3035 13 3415 
ris 390 1s 1383 5 3857 14 2491 
6 406 16 49 | 6 1966 185) 3183 
“ 372 ley? 925 rl 1039 16 5708 
8 st ealee 8 1760 a7, 2837 
9 569 9 1310 
10 410 
Av. 694 ; Av. 1529 Av. 1952 ‘ Av. 3404 
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The average yield of the sprayed Greenings was 694 apples. 
and of the unsprayed trees, 1,529 apples. The average yield of 
the sprayed Baldwins was 1,952 apples as compared with 3,404 
apples on the unsprayed trees. While recognizing the fact that 
there may be considerable variation in the amounts and regular- 
ity of fruit production for individual trees it is believed that a 
good portion of the differences noted between the sprayed and 
unsprayed trees is to be attributed to the effects of the sulphur 
sprays. 

iffects of sprays upon apples.—As the crop from a tree*was 
picked and examined it was piled on the ground to compare with 
yields of trees occupying similar positions in adjacent rows under 
different treatments. After the entire crop had been so arranged 
it was apparent, upon examination, that the apples from the 
sulphur-treated trees were on an average of better color and of 
a larger size than those from the trees which had not received 
such treatment. These results were especially marked upon the 
Baldwin apples but were not so conspicuous upon the Greenings; 
as the yields of this variety were, on the whole, small and the 
fruit, irrespective of treatment, was generally of good size and 
color. The superior coloration of the fruit of the sulphur- 
treated trees was to a large degree due to its freedom from scale 
and scab, but with the yields of a number of trees the hues of 
the fruit were also appreciably heightened and tended to become 
more brilliant. To ascertain the extent of the variation in the 
size of the apples by the different treatments the crops of four 
Greenings and eight Baldwins, representing all the lots, were 
graded carefully. In making the assortment, the apples were 
classified into three sizes. (1) Apples with a diameter of 21, 
inches or less; (2) with a diameter of more than 214 inches and 
less than 3 inches; and (3) with a diameter of 3 or more inches, 
The results are shown in the accompanying table: 


TABLE IIT.—GRADES OF PICKED APPLES, BY SIZE, IN ORCHARD IV. 








Tree. | Variety. TREATMENT. Oy chee Games) "| totaeer Size | Size 
ETL PRE No. No. No. No. | Per ct.| Per ct.| Per ct. 
1 (|Greening...|/Check............ ae 4 928 209 | 1141 0.4] 81.3 18.3 
2 |Greening:../3 Bordeaux - arsenical; 132 673 | 33 838 | 15.8 | 80.3 3.9 
mixture. 


3 |Greening.../1 Sulphur +,2 bor-| 150 277 6 | 4383 | 34.6 | 64.0 1.4 
deaux-arsenical mix- s 
ture, 
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TABLE III.—GRADES OF PICKED APPLES, BY SIZE, IN OrcHARD IV.—((Con.) 
































3 SE. SSE a Se Ee —= = a ee a Sa Seer 
Tree. | Variety. | TREATMENT. ae ee lata vie? barre ove 
No. No. No. No. | Per ct.| Per ct.| Per ct. 
4 |Greening ..|Sulphur wash......... 88 464 4 556 | 15.8 | 83.5 0.7 
Gm aldwin'.. ~|GheCk soe wan sricais cores 772 228 | 1000 Tee 22.8 
6 |Baldwin...|3 Bordeaux - arsenical 748 252 | 1000 74.8 PAS 72 
: mixture. 
7 |Baldwin...|/1 Sulphur + 2 bor-| 157 837 65) L000 Ube Teles e 0.6 
deaux-arsenical mix- 
ture. 
8 |Baldwin...|Sulphur wash......... 51 900 49 | 1000 5.1 | 90.0 4.9 
Dee bala wills |CRECK. oso. 4c hv aes ccs 612 388 | 1000 61.2 38.8 
10 |Baldwin...|3 Bordeaux - arsenical 692 308 | 1000 69.2 30.8 
mixture. : 
11 |Baldwin...|1 Sulphur + 2 bor-| 216]! 771 137) 10008) 2E Ge eae Ina 
deaux-arsenical mix- 
ture. 





12 |Baldwin...|Sulphur wash......... 11 907 82 | 1000 Leis d- OG? 8.2 


————————. 


This year the apples of the two larger sizes were graded as 
first class and those of the smallest size as second class or culls. 
An estimate of the effects of the different treatments upon the 
size of the fruit may then be made by comparing the amounts of 
the second class fruit from each treatment. The sulphur-treated 
Greenings gave an average of 1.0 per ct. of this grade of fruit 
as compared with 11.1 per ct. from the untreated trees, making 
a difference of 10 per ct. better fruit in favor of the former. 
These figures show a greater difference in these respects than one 
would have imagined from a mere visual examination of the 
fruit and perhaps exceed a little the average difference for all the 
yields of this variety. The Baldwins sprayed with the sulphur 
washes yielded 3.7 per ct. second class apples as compared with 
29.4 per ct. of the unsprayed trees, showing a difference of 25.7 
per ct. better fruit in favor of the former. The results upon 
the Baldwins were not so surprising; for many of the trees not 
treated with the sulphur washes overbore and much of their 
fruit, independent of blemishes by scale, scab and codling moth, 
was condemned as culls because of its inferior size. 
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TABLE 1V.—RtSULTS oF SprAyS Upon Scas, Coprinc Morn AND SCALE ON 
GREENING APPLES IN. ORCHARD IV. 


No. 


tree. 





OCWONOUOAP wwe 











PROPORTION OF FRUIT. 


Scabby} Wormy. 





Amount oF FRuItT. 
Yield. | 
TREATMENT. of 

apples. | gealy. | Scabby Wormy.| Scaly 
{| 784 Die he nN 987 igs 9 

Section I. 4 : 
1604 116 716 853 ihre’ 
Sulphur wash.... 339 24 231 168 Vou 
300 134 13 49 Bad 

oO Ps 
meen it; pike 466 83 75 58 7.8 
bordeaux - arseni- Fit | 953} 107 039 | 53.8 
mixture, 569 | 464 4 44 | 81.6 
U3) BE) ot | gh] 8 

5 . 
pee IIl. 1 5326 | 4107 | 5239 2300 | 77.1 
a2 | ee) oe) P| Be 

; 69 1 : 
Srecrion IV. : 1383 696 48 75 50.3 
3 Bordeaux-arsen- 496 388 21 388 rise? 
cal mixture. 925 672 19 55 | 72.7 





Per ct Per ct 
53) 36.6 
44.7 “63.0 
68.1 49.6 

les 1.0 
ao. 12.6 
16.1 12.4 
1.6 13.4 
6.2 13.3 
OFT; 26 
0.2 8.5 
79.7 49.9 
98.4 43 .2 
34.9 46.5 
5.0 10.2 
3°0 5.4 
4.2 ikl 
2.0 5.9 


TABLE V.—RESULTS OF SPRAYS Upon ScAB AND CopLinc MorH on BALDWIN 
APPLES IN ORCHARD IV. 


TREATMENT. 


Section I. 


Section II. 


Sulphur wash........ 


Sulphur wash + 2 bor- 


deaux-arsenical mixture........ 


Section III. 


SECTION IV. 
ical mixture 


Check. % 000 ae 


3 Bordeaux-arseni- 


CC 


Yield 
apples. 


1293 
1199 
2108 
3035 
3857 
1966 
1039 
1760 
1310 
3354 
3420 
_ 2822 
3415 
2491 
3183 
5708 
2837 


AMOUNT OF 
Fruit. 


Scabby. | Wormy. 





No. No. 
954 397 
878 461 
1018 1089 

2150 981 
605 A478 
372 252 
191 181 
301 281 

44 ii: 

3100 1057 

3306 1139 

2723 758 

3282 1107 
488 154 
1181 146° 

1404 281 
331 330 


PROPORTION OF 
RUIT. 


Scabby. | Wormy. 


Per ct. Per ct. 
73.8 ALY 
Vous 38.7 
48.3 S17 
70.8 Sos 
TSa7 12.4 
18.9 4012-8 
18.4 17.4 
1 By ge 16.0 
3.4 8.6 
92.4 STE 
96.6 33.3 
96.5 26.8 
96.0 32.5 
19.1 Gk 
Siri 4.6 
24.6 4.9 
Be ( 14226. 


Results on codling moth.—At the picking of the fruit, com- 
mencing with October 16, the apples were sorted to ascertain the 


effects of the treatment upon this species. 


The average percent- 


age of wormy apples, picked, from the Greenings in Section I is 
46.4; in Section II, 9.8; in Section III, 46.5; and in Section LV, 


7.8. The results upon the Baldwins are as follows: 


Section I, 


38.3; Section II, 13.4; Section III, 31.0; and Section IV, 6.8. 
By the use of arsenical poisons in the second and third treat- 


“e 
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ments an average gain of 31.2 per ct. of sound fruit was made 
over the checks and trees treated with sulphur alone. 1t is obvi- 
ous, that, in instituting a system of spraying for the treatment of 
apples, with the control of the San José scale by the sulphur 
washes as its central object, provision should be made for the 
usual applications of the arsenieal sprays to prevent losses from 
the codling moth. 

Results on San José scale.—As will be seen from the table the 
percentage of infested fruit upon the sulphur-treated trees is high. 
This was rather to be expected from an experiment conducted in 
the manner that this was. As provided for by the plans, nearly 
one-half of the number of trees, all well infested and comprising 
the central portion of the-orchard, were left unsprayed. These 
it is likely, were a source of reinfestation to the adjoining trees, 
migration of the young lice being made possible by the wind and 
by the overlapping of the branches with the maturing of the 
fruit. Upon the Greenings 72.8 per ct. of the fruit on the trees 
not treated with sulphur washes was infested, as compared 
with 35.5 per ct. of the fruit upon the treated trees. There was 
also a marked difference in the relative amounts of the spotting 
of the fruit by the scale. The fruit of the unsprayed trees was to 
a large extent discolored by reddish blotches while much of that 
of the sprayed trees was barely blemished, but yet sufficiently 
marked to be classed as infested. All the fruit of the Baldwins, 
sprayed and unsprayed, was infested. The differences in the 
extent of infestation, noted with the sprayed and unsprayed 
Greenings, also held true with the Baldwins. The less satisfac- 
tory results upon this variety of fruit are in part attributable to 
the larger size of the trees, which undoubtedly prevented thor- 
ough spraying of the upper portions of the trees; and in part to 
the more extensive overlapping of the heavy-ladened branches 
with unsprayed trees in adjoining rows, which facilitated rein- 
festation. 

‘Results on scab.—On June 24 the apple scab fungus was quite 
abundant upon the foliage of the check trees but its presence 
upon the sprayed trees was more difficult of detection. On July 
8 the disease was for the first time recognized upon the fruit, 
but at this date there was no apparent variation in the amount 
‘of infection of the apples under’ different treatment. About 
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August 8 another examination was made when it was found that 
there was an increase in the quantity of diseased fruit which 
varied with the trees according to the treatment given, the checks 
having the greater amount and the trees sprayed with the bor- 
deaux mixture the lesser’ amount of affected apples. With the 
picking of the fruit on October 16, the apples were sorted to 
determine the effects of the treatments with respect to this dis- 
ease. The results in detail are given in Tables IV and V. The 
average results are as follows: . 


TABLE VI—EFFECT oF SPRAYS UPoN SCAB AND CopLING Moru. 


TREATMENT. Scabby. Wormy,. 
. GREENING. Per ct. Per ct. 
COCK Ge iy eee conch iis sae 152 Ss te te wees Late eae re Le a Sis ten eh eee en ee 71.0 46.5 
esBordeaux-arsenical mixtures ies. <\2 ates ci oaks bic eeea eaten tae lee riers TS 
1 Sulphur wash and 2 bordeaux-arsenical mixture..............e0e8: 4.2 9.8 
Jt Sulphur: wash i¢ fsiaes atte eo dh ba oka Wee ea mieete cies MEU ine Eee 55.5 46.4 
BALDWIN. ‘ 

CROCK eo ie nee a oe wk Santee Le Oe aR ae gee a oe Estes ar 95.3 radi eel 
aepordesux-arsenical. mixture: £. +a ck beie ne EL ae 23.0 6.8 
1 Sulphur wash and 2 bordeaux-arsenical mixture...........-2eeeeeee any. 13.4 
LAMGMO RUE SvABIY <4, vocals ave abe «, aoce 00k os 0 aha ee ae 66.5 38.3 

AVERAGE. 

Whee kere stat. Fade techs ed FR ae a nhelets Le etots GEN al. ale ee een ea 83.1 
BSEDOLOCAUX-ATSENICA]-MIXGUTE sc ccd od ok te ee ee ee ils}a8: 

1 Sulphur wash and 2 bordeaux-arsenical mixture..........eceeeeees 9.4 
Ie Sul phuirewaali as cas hate cre Oe alee Sa en eee ce ee 61.0 





In comparison with the checks the one application of the sul- 
phur wash reduced the scab by 22 per ct.; the one application 
of the sulphur wash supplemented with the customary second 
and third treatments of the bordeaux-mixture reduced the scab 
by 73.7 per ct.; and the three applications of the bordeaux-arsen- 
ical mixture reduced the scab by 69.8 per ct. 

The favorable results upon scab attending the applications 
of the sulphur washes may be partly attributable to the thinning 
of the fruit in the lower portions of the trees. For with these 
trees the larger part of the crop was produced upon the upper 
branches where the conditions with respect to shade, moisture 
and air circulation were less conducive to the development of 
scab. In none of the four other apple orchards under experiment 
was there any appreciable thinning of the fruit by the treatment 
with the sulphur washes. From these results it is believed that 
for the control of the scab an application of a sulphur wash before 
the opening of the buds may be substituted for the usual spray- 
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ing with bordeaux-mixture at this time for the prevention of this 
disease. . 

Results on apple aphis—Small colonies of lice made their 
appearance in the opening leaf clusters of the sprayed and 
unsprayed trees, but the numbers were too small to indicate the 
relative effects of the different treatments. The rosy aphis was 
later much more abundant and was usually to be found upon the 
lower branches and towards the center of the tree. This species 
did very little injury and the amount of infestation showed no 
apparent variation with respect to the treatments. 


ORCHARD V. (ONTARIO CO.) APPLES. 


These are young trees and were top-grafted in 1895. The varie- 
ties represented are Jonathan, Ben Davis, Gano and Shackleford. 
The trees have received very careful attention in every respect. 
The applications of the bordeaux-arsenical mixtures were made 
to four hundred trees on May 10, June 2 and June 16. On Octo- 
ber 4 the fruit was picked and the yields of a number of trees 
were sorted with respect to injuries by the codling moth, with 
the following results: 


TABLE VII. YIELD OF SOUND AND WorMy APPLES UNDER DIFFERENT TREAT- 
MENTS IN ORCHARD Y. 






























































YIELD OF PickED APPLES. YIELD OF WINDFALLS. 
Number of section 
VARIETY. and tree. 

Treatment. Per Per- 

Sound. | Wormy.| Total. | centage | Sound. | Wormy.| Total. | centage 

wormy. wormy. 

Section IV. No. No. No. Per ct. No. No. No. Per ct. 
Jonathan....|Block 1. Tree 1 270 63 333 18.9 118 41 159 25.8 
Arsenite of soda. . .2 400 93 493 18.9 181 91 272 33.5 
3 59 24 83 28.9 46 21 67 31.3 
PVCTSLOO Rrwe rater cali. cateralomell orale e-sieth = Vorsheiste cokes Duma onrteter oe dl ct rar helerdll stipe aces aie 30.2 
Block 2. Tree 1 618 61 679 9.0 213 36 249 14.5 
2 439 51 490 10.4 159 45 204 21.6 
Arsenate of lead...3 838 97 935 10.4 296 47 343 13.7 
4 537 40 577 6.9 141 17 158 10.8 
5 147 he 164 10.4 51 10 61 16.4 
IAVOLALC:..c:..00 teen Net bid atte als Becca lt se ee SS eet ca sete ttals. leis hehe oe rahe 15.4 

Section IV. 

Ben Davis...|Block 1. Tree 1 549 143 692 20.7 263 113 276 40.9 
2 237 45 282 16.0 64 39 103 37.9 
Arsenite of soda...3 130 27 15z Vez 111 25 136 18.4 
4 239 36 275 Bal ted 35 169 20.7 
Ly 257 38 295 12.9 147 73 220 Sone 
VEL ACORN petra ala, asl p coe ss (e Fiance ae 155 Obit cette teat eae eae oer 30.2 
Block 2. Tree 1 SAW 44 361 LZe2 107 12 119 10.1 
y 108 8 116 6.9 93 14 107 Isat 
Arsenate of lead...3 197 19 216 8.8 159 18 i Wy 10.2 
4 520 38 558 6.6 168 16 184 8.7 
5 282 26 258 40.1 193 19 212 9.0 
IA VETACO Sais Ae eisics lndiies ce he enes Ralls Geiss: SFO facts vic tenn emery At ee | 10.2 
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Taste VII.—Yieup or SounD AND Wormy Appies UnpER DIFFERENT TREAT- 
' MENTS IN ORCHARD V.—( Continued.) 












































YIELD oF PICKED APPLES, YIELD OF WINDFALLS. 
Number of section 
VARIETY. and tree. 
Treatment. Per Per 
Sound. | Wormy.| Total. | centage | Sound. | Wormy.| Total. | centage 
ind wormy. wormy. 
Section IV. No. No. NO>*) Pertct\" No; No. No. | Per'ct. 
Gano.......-/Block 1. Tree 1 203 58 261 Doren 93 40 133 30.1 
2 259 63 322 19.6 105 36 142 25.4 
Arsenite of soda...3 572 70 642 10.9 172 35 207 16.9 
4 330 58 388 14.9 307 74 384 19.3 
5 811 91 902 10.0 246 56 302 18.5 
Z AVEIRO oo Oetcs Sa recs ioe eh nile recto oar ae ae LDS] s Psvirdee la eee See eee 22.0 
Block 2. Tree 1 89 16 105 15.2 311 60 371 ape 
2 424 37 461 8.0 146 20) : 166 12.0 
Arsenate of lead...3 379 23 402 5.7 25 25 300 8.3 
; 4| - 366 50 416 12.0 215 20 235 8.5 
5 333 38| 371 10.2 97 20 117 17.1 
A VOPR LO ca he bidcctvll stores care Pane ee A ee eee ae 10.2). ere eles hoateee oxen eens 12.4 
Section IV. 
Shackleford..|Block 1. Tree 1 41 34 75 45.3 47 41 188 21.8 
2 88 44 132 30.3 126 72 198 36.4 
Arsenite of soda...3 125 44 169 26:0 34 10 44 2256 
4 145 56 201 27.9 167 93 260 S08 
5 267 75 342 21.9 257 76 333 22.8 
AVEIAUO ccis we eek «tise cicho ed eehtasll este ete BO. Dis Psi scc sc e-ctetswtote ot] eee tee 27.9 
Block 2. Tree 1 43 1] 54 20.4 37 20 57 35.1 
2 65 13) 78 | 16.4 63 29 92 3L.b 
Arsenate of lead...3) - 107 20) 127 15.7 390 72 462 15.6 
4 125 31 156 19.9 76 19 95 20.0 
5 252 44) 296 14.9 229 27 256 10.5 
IAVOTAZO eure Salo eats ca eeloline een 1 0) PPPS (2 IG! oo oe 22.5 
| 
AVERAGE 
Arsenite of sodas... 2. cw oe yA Beg | OI aG 
Arsenate of lear . 5 ase eyes Lics 15.1 


The trees sprayed with the arsenate of lead yielded 9.6 per ct. 
less wormy apples (picked) and 12.5 per ct. less wormy apples 
(windfalls) than those treated with the arsenite of soda. 


ORCHARD VI. (ONTARIO CO.) APPLES. 


These are young apple trees and have been for a number of 
years infested with the oyster-shell bark louse. Three of the 
worst infested trees were sprayed April 26 with the lime-sulphur. 
caustic soda wash to determine the effects of such treatment upon 
the scale. Besides the usual checks, comprising adjacent trees 
similarly infested, additional checks were reserved which consisted 
of untreated portions of the sprayed trees. Before applying the 
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washes, representative areas of the trees selected for treatment 
were first carefully wrapped with paraffin-paper, the outer edges 
being bound with bands of cotton and string to prevent any seep- 
age by the liquids. After the applications of the sulphur washes 
were dry, the paper was removed, the cotton bands being retained. 
As a basis for estimating results, areas of bark having 180 to 
200 old scales to the square inch were marked off with pins on the 
check and treated trees. On June 15 these areas were examined 
to determine the effects of the treatment upon the young scales. 
The results upon one treated tree and one untreated tree, both 
with smooth bark, are indicated by the accompanying table. 
The figures given show the number of young scales to each area 
respectively. 


TABLE VIII.—CoNDITIONS OF SCALES ON THE BARK OF SPRAYED AND UNSPRAYED 
TREES. 


K 
SPRAYED TREE. Corton Banp CueckKs on SpraYep UNSPRAYED TREE. 


Young scales. Young scales. Young scales. 

No. No. No. 

1 20 12 
5 180 30 
79 dead near cotton band.:........ 138 dead near cotton band........ 21 
43 dead near cotton band.......... 13 dead near cotton band........ 18 
0 22 13 
0 12 14 
3 3 by/ 31 
2 4 22 
3 Sie 19 
9 16 9 
2 7 37 
4 0 26 


The results of a sulphur wash upon a much infested tree with 
rough bark are shown by the following comparison of the condi- 
tions of a sprayed and not sprayed tree with respect to the number 
of young scales settled upon areas of similar dimensions which, 
as before, consisted of representative sections of bark selected 
previous to the treatment. The date of the application of the 
wash and the time of the examination of the young scales are the 
same as with the preceding trees. 


7 
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TABLE IX.—CoNDITIONS OF SCALES ON THE BARK OF SPRAYED AND UNSPRAYED 
'TREES. 








SPRAYED TREE. UNSPRAYED TREE. SPRAYED TREE. UNsPRAYED TREE. 





Young Boole under | Young scales under | Young scales unpro- | Young scales unpro- 
k bark. 





ar tected by bark. tected by bark. 
No. No. No. No. 
6 38 1 5 
4 14 2 18 
4 40 4 10 
3 28 4 22 
4 31 3 17 
4 26 2 18 
17 32 2 28 
13 9 v4 13 
12 3 6 30 
9 17 4 6 
6 21 3 4 





On the tree with smooth bark there was, by the use of the sul- 
phur washes, a reduction of 66.6 per ct. of the young scales as 
compared with the checks protected by the paper and cotton 
bands, or a reduction of 40.1 per ct. compared with the check 
tree.. Upon the tree with rough bark the sulphur treatment 
affected a reduction of about 75.9 per ct. of the young scales. 


MISCELLANEOUS EXPERIMENTS. 


Results on scurfy bark louse.—During the work of the past two 
years opportunities have been given to note the effects of the 
sulphur washes upon this species. In several instances where 
the infestation was moderate, sugh treatment has usually checked 
the further development of the scales. When the incrustation 
has been heavy, the results attending the application of the washes 
have shown some variation in the amount of the reduction of 
the scales; but there has usually been a very appreciable destruc- 
tion of the insects. In the work this season it was impossible to 
get data upon the normal effects of these sprays upon this species 
as the increase of the young scales upon the sprayed and unsprayed 
trees was so small that there were no apparent differences between 
the trees in this respect. 

Results on dogwood scurfy bark louse-——On April 15 a num- 
ber of bushes (Cornus sp.) infested with the bark louse (Chion- 
apis corm) were sprayed with the lime-sulphur-caustie soda 
wash. Check plants and checks protected by paper and cotton 
bands were reserved as in the experiments with the oyster shell 
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bark louse. Plants having areas of bark containing about 160 to 
180 old scales to the square inch were used. Portions of bark 
meeting these requirements were marked with pins. For the pur- 
pose of ascertaining the extent of the weathering of the scales 
several sections of infested wood had been obtained during the 
preceding November to serve as a basis to compare the conditions 
upon the selected plants with respect to the scale. On June 26 
an examination of the plants was made. The results of the treat- 
ments as shown by four sections of bark, each one inch square, 
from each of the treated and untreated plants, are as follows: 


TABLE X.—EFFECT OF SULPHUR WASH UPON DoGwoop BARK LOUSE. 


TREATMENT. Scales June 26. | Reduction | Increase 
No. Per ct. Per ct. 
PSR WOR res fos sre sicies » vicle cS a hho oes ss ; me cant es oo ! 50 0 
Ch k 684 olddssesa% 
REMCPIRSICIS) pitgk s Sed p cccteret c.sielet x da vlereracd 6 trelbe 421 young... 9 46.5 
Gimme niaitiees ccd. .2>. Aeae. atid... es oer Le t 20.7 110.3 


Check—fall conditions—basis for comparison.| 754 old........ 


Comparative tests of sulphur washes.—As announced in Bul- 
letin 254 comparative tests of various sulphur washes were 
conducted this spring in the same manner as the fall experiments. 
Some interesting results were obtained by the different washes 
upon the trees and the scale, but as the work contributed only a 
little light upon the question of the best formula to employ, it is 
unnecessary to discuss the experiments in detail. For the pres- 
ent, preference is given to the boiled lime-sulphur wash, but where 
there are not the conveniences at hand for the preparation of the 
wash by external heat then the self-boiled lime-sulphur-caustic 
soda wash is advised. 


ORCHARD VII. (ORLEANS CO.) APPLES, 


This orchard is adjacent to Carlton Station and consists almost 
entirely of the variety Baldwin. The trees vary from 30 to 50 
years of age and have been in the past somewhat neglected with 
respect to cultivation and treatment with spraying mixtures. 
In this experiment 56 trees were sprayed with the sulphur washes 
and 146 were divided evenly for the remaining treatments. 
The scale was well distributed throughout the orchard, and a 
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number of the trees which had not been previously treated for 
this pest showed considerable infestation upon some of their 
branches. | 

Conditions.—The trees were sprayed May 2-7. The weather 
during the application of the mixtures was fair. In many cases 
the buds had already burst, and in some instances the leaves 
were well out, while in others only the tips of the young leaves 
- were beginning to appear. At this time the aphids were hatching 
and making their appearance in the leaf clusters. 

Results on aphis.—On April 14 the trees selected for treatment 
and for the checks were examined to ascertain the relative num- 
bers and the distribution of the eggs of the aphis upon them. 
Notwithstanding the abundance of this insect in the orchard 
during the preceding summer, very few eggs had' apparently been 
deposited and it was only with careful searching that specimens 
were found. The extent of the infestation of the trees was ap- 
parently the same for both lots. On May 1 the young lice 
were making their appearance in rather surprising numbers at 
the tips of the opening buds. The condition of the trees at this 
time with respect to the aphids is shown by the following table 
which is based upon an examination of a number of buds chosen 
at random: 


TABLE XI.—CoNnpDITION OF APPLE BUDS WITH RESPECT TO APHIDS. 





BUD NO. Aphids to bud. Bud No. Aphids to bud. 
No Noe 
1 2 26 ri 
2 2 Wg I, 
3 1 28 2 
4 4 29 6 
5 v 30 0 
6 5 31 0 
tf Z 32 0 
8 8 33 0 
9 10 34 2 
10 2 35 8 
3B 1 36 1 
12 0 37 5 
13 0 38 2 
14 1 39 0 
15 8 40 8 
16 2 41 5 
17 4 42 2 
18 1 43 ve 
19 7 44 5 
20 3 45 2 
21 2 46 1 
22 2 47 0 
23 6 48 0 
24 4 49 1 
25 2 50 Za 


\ 
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On May 2 the work of applying the sulphur washes commenced. 
Whenever the treatment was thorough a large percentage of the 
lice caught in migration upon the bark was killed, as were a 
goodly portion of those upon the partially opened buds. But 
when the lice were hidden in the pubescence of the more advanced 
leaves they were usually unharmed, as the leaves repelled the 
spray. The results of the sprays upon the aphid in the buds are 
shown in the following table: 


TABLE XII.—CoNBITION OF SPRAYED APPLE BUDS WITH RESPECT TO APHIDS. 


Aphids Aphids Aphids 
BUD NO. to bud, alive. dead. 


No. No. No. 
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The average percentage of aphids killed upon the buds is 45.5. 
The losses among the insects upon the bark were undoubtedly 
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higher than these figures. If the spraying had been timed two 
or three days earlier it is believed that the applications of the 
washes would have been much more effective upon the insects. 

Results on scale.-—The results obtained in this orchard were the 
most satisfactory of all the experiments. The applications of the 
sulphur washes checked the scale and for the most part preserved 
the fruit from blemishes by this insect. 

Results on scab.—The amount of scab on the different plots 
showed such slight variation that no assortment of the fruit was 
made in this respect. 


ORCHARD VIII. (NIAGARA CO.) APPLES AND PEARS, 


This orchard is situated near Youngstown. It consists of 2036 
pear trees principally Bartlett, Keitfer and Duchess, and 75 apple 
trees, principally of the varieties Baldwin and Rhode Island 
Greening. The pear trees vary in age from four to fourteen 
years and have received in every respect very careful attention. 
The scale has been present in the orchard three years and has 
been successfully controlled by whale-oil soap, crude petroleum 
and the sulphur washes. In 1903 the psylla was very abundant 
and caused quite extensive losses. The apple trees are about 
30 years of age and are variously infested with the scale. 

Conditions.—The trees were sprayed with the boiled lime-sul- 
phur wash and the bordeaux-arsenical mixture April 18-26. The 
weather during this period was as follows: April 18, bright and 
clear; April 19, snow all day; April 20, snow all day; April 
21, bright and warm; April 22, fair; April 28, fair; April 
24, fair with rain in the afternoon. The later applications of 
the bordeaux-arsenical mixture were made June 2 and 16. In 
the application of the sulphur sprays much pains was taken to 
have the trees completely covered with the wash. 

Results on pear psylla.—iIn the experiments with this species, 
1876 trees were selected for treatment while four rows of 40 trees 
each, immediately adjacent! on the west side, served as checks. 
The following excerpts from the field notes indicate the conditions 
of these trees throughout the summer with respect to this pest: 
April 14, adults were quite abundant under the loose bark and a 
few individuals were crawling about on last year’s growth of 
wood. April 18-26, during the applications of ‘the sulphur wash 
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adults were numerous and were usually resting on the buds and 
bark of the unsprayed trees and on the treated trees when the wash 
was well dried. April 30, adults were still very plentiful. May 
30, adults were few in numbers; nymphs of the first, second and 
third stages were abundant upon the checks but were much less 
in evidence upon the sprayed trees. The axils of the fruit and 
leaf stems were beginning to be sticky with honey-dew and to 
have a sooty appearance. Ants were being attracted to the col- 
onies of psyllas, being in greater numbers upon the unsprayed 
trees. An abundance of ants upon a tree usually indicated a 
check and was one of the most conspicuous signs of psylla infesta- 
tion. On June 3, three and one-half rows of the untreated trees 
leaving 16 trees as checks, were sprayed with whale-oil soap to 
prevent the distribution of the psyllas throughout the orchard. 
June 27, eggs and nymphs of the first and second stages were 
abundant upon the checks and were to be found in greater num- 
bers than before upon the trees treated with the lime-sulphur 
wash. The rows sprayed with whale-oil soap had fewer insects 
than the checks. The leaves of the checks generally and a number 
of the trees in other parts of the orchard were well spotted 
with globules of honey-dew. July 18, all stages of the pear 
psylla were represented, but the numbers of the insect, compared 
with former observations, were much reduced; a few of the 
originally much infested trees were covered with a blackish slime 
while the remainder showed little evidence of psylla attack aside 
from the dirty, sticky condition of the axils of the leaves and 
fruits. The checks were as a rule clean; a few trees were quite 
sticky because of the honey-dew and a number of others had the 
axils of the leaves and fruits discolored with the blackish honey- 
dew. September 14, the pears were being picked. The yield of 
the fruit was not appreciably affected by the psylla attack. 

The pear psylla was not as numerous or as injurious as it had 
been during the preceding year. While abundant during the 
earlier part of the season this insect did not maintain its destruc- 
tiveness throughout the summer. For this reason no opportunity 
was given to estimate the full effects of the sulphur wash for 
this pest. The work accomplished indicates that the thorough 
applications of this mixture afforded protection to the trees 
against the first brood of psyllas but that further investigation 


io 
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is necessary to determine what effect this exemption would nor- 
mally have upon the succeeding broods. | 

Results on codling moth.—Commencing with October 16, the 
apples were picked and sorted to determine the relative effects of 
the arsenite of soda and the arsenate of lead upon the codling 
moth. This examination was confined entirely to the Baldwins, | 
twenty trees of which variety were selected from each of the two 
kinds of treatment. The results are as follows: 


TaBLe XI[L.—Y1eLtp oF SouND AND WoRMyY APPLES UNDER DIFFERENT TREAT- 
MENTS AT YOUNGSTOWN. 


ATreaks acta orioer Aas YIELD oF PickED APPLES. YIELD oF WINDFALLS. 


TREE TREATMENT. 





Sound. |Wormy.| Total. |Wormy.| Sound. |Wormy.| Total. |Wormy, 














SHOROHONANONWHNWNDOWO ROHAN ROOWNWOWNNWDOANOO 











Secrion IV. No. No. Now =| Per’ cé: No. No. No. | Per-ct. 
Tree 1 2630 42 2672 16 368 98 466 21 
Arsenite of soda...... 2 3532 61 3593 Lee 350 110 460 23 
3 4358 115 4473 2.6 502 119 621 19 
4 4492 105 4597 2.3 583 108 691 15 
5 3572 145 3742 3.9 256 35 291 12 
6 6715 124 6839 1.8 468 45 513 8 
7 3479 33 3512 0.9 266 44 310 14 
8 3086 19 3105 0.6 145 i | 166 12 
9 5193 1833 5266 1.4 420 59 479 12 
10 4362 2k 4383 0.5 225 75 300 ZO 
Tht 2951 alg 2962 0.4 293 45 338 13 
12 3919 iby 3936 0.4 236 44 280 15 
13 5538 oo 5573 0.6 260 62 322 19 
14 5358 54 5412 10 661 81 742 10 
15 2164 14 2178 0.6 136 17 154 11 
16 2522 86 2608 3.38 203 52 255 20 
ips 3371 106 3477 3.0 458 170 528 32 
18 2707 47 2754 i Way; 498 144 642 22 
19 2355 39 2394 LG 400 107 507 21 
20 3907 16 3923 0.4 1019 71 1090 6 
ANVOLALO se oo cis is plaiesiel tele eae rates crt etnaene Dc to Se cal te statete eh le eee 16 
Srcrion IV. 
Tree 1 3629 32 3661 0.9 1468 162 1630 9 
Arsenate of lead...... 2 2480 10 2490 ‘0.4 1600 30 1630 1 
3 5121 34 5155 O27 2790 210 3000 re 
4 5280 30 5310 0.6 2173 62 2235 2 
5 3900 13 3913 0.3 1080 . 65 1145 5 
6 5111 22 6133 0.4 LPVD 50 1165 4 
7 2351 20 2371 0.8 1000 23 - 1023 2 
8 3857 18 2875 0.6 5719 66 5785 1 
9 4424 18 4442 0.4 1630 39 1669 2 
10 1382 8 1390 0.6 855 24 879 2 
11 642 4 646 0.6 565 16 581 2 
12 3913 19 3932 O75 1952 139 2091 6 
13 3837 14 3842 0.4 2538 40 2578 1 
14 4834 10 4844 0.2 1705 20 1725 i 
15 6196 34 6230 0.5 1304 51 1355 3. 
16 3589 10 3599 °0.3 825 35 860 4. 
17: BOSE Vhs ease 2687 0. 1250 12 1262 a he 
18 4042 14 4056 0.3 1612 23 1635 Le 
19 4112 31 4143 On 1836 217 2053 10. 
20 4249 15 4264 0.4 1495 140 1585 8. 
ANT OLOAM OMe crests tie eal Thule ee. ulrtle e's oe HUT eeneneee On Bt Srelctece Mh meet et ereen ea tote 4. 
Sscrion III. 
Tree 1 2772 271 3043 8.9 
Check, no treatment.. .2 1108 106 1214 8.7 
3 1873 268 2141 12.5 
4 1695 193 1888 10.2 
Average....... PL Fe ge as, oie caters emits caters 10.0 





The average percentage of wormy apples (picked) from the 
trees sprayed with the arsenite of soda is 1.5, and from the trees 


) 
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sprayed with arsenate of lead, 0.5, showing a difference of 1.0 
per ct. more sound fruit by the use of arsenate of lead. With 
the fallen fruit the results of the two sprays are more marked ; 
for there is 16.4 per ct. wormy fruit from the trees treated with 
arsenite of soda as compared with 4.0: per ct. from the arsenate 
of lead applications, showing a difference of 12 per ct. in favor of 
the latter poison. In comparison with the checks which had 10 
per ct. of the fruit infested, there was, by using the arsenite of 
Soda, 8.5 per ct. less wormy apples (picked) and by the arsenate 
of lead 95 less wormy apples (picked). 


ORCHARD IX. (NIAGARA COUNTY.) PEARS. 


This orchard is located on the lake road about three miles 
north of Lewiston. It consists of 119 ten-year old pears, prin- 
cipally of the varieties Bartlett and Kieffer. The orchard has 
been given careful cultivation and was in an excellent condition. 
In 1903 the trees were subject to a light attack by the pear 
psyla. The scale has been present in the orchard for a number 
of years, but has been well controlled by the sulphur washes for 
the past two years. 

Conditions——The trees were sprayed April 21. The weather 
conditions were the same as given for Orchard VIII. The checks 
for this experiment were 200 trees in an immediately adjoining 
orchard. As the work was solely for the purpose of determining 
the value of the sulphur washes for the pear psylla the treatment 
was entirely restricted to these sprays. 

Results on pear psylla.—The psyllas were not numerous in 
these orchards at any time during the season. From April 30 
to June 3 there were more psyllas upon the checks than the 
sprayed trees, but by July 18 these differences had disappeared 
and all the trees were quite free of the insects. 


ORCHARD X. ‘(NIAGARA COUNTY.) PEARS. 


This orchard adjoins Youngstown. For the experiment 132 
eight-year-old pears, largely Bartletts, were given treatment and 
a like number of the same varieties were reserved as checks. 
The trees had been much neglected and were as a rule well 
infested with the scale. Last year more or less injury was done 
in this orchard by the pear psylia. 

reat 
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The conditions governing the experiment and the results attend- 
ing the use of the sulphur washes for the control of the pear psylla 
were substantially the same as those in Orchard IX. 


DISCUSSION OF RESULTS AND CONCLUSIONS. 


The experiments recorded in this bulletin represent the second 
year’s work to ascertain to what extent the sulphur washes may 
be used in place of the bordeaux-arsenical mixtures for orchard 
treatment. In the investigations undertaken the utility of the 
washes has better been shown with the peaches than with other 
varieties of fruit; for when infestation with scale exists, one 
thorough spraying during the dormant season will control both 
scale and leaf curl, thus dispensing with the usual spraying with 
bordeaux mixture for the prevention of this disease. To ascer- 
tain if a similar or equally important substitution may be made 
for the spraying of other kinds of fruit has been the chief aim 
of the experiments discussed in detail in this bulletin. Owing 
to the absence of brown rot and pear scab no data have been 
obtained as to the value of the sulphur sprays for these diseases. 
In the work with pears one application of a sulphur wash proved 
an efficient remedy for the pear blister mite. In the experiments 
upon the apple, definite results have been secured, showing the 
value of sulphur sprays for apple scab. Upon the checks there 
was an average of 83.1 per ct. scabby fruit as compared with 
61.0 per ct. scabby fruit from the trees treated with the sulphur 
wash alone, making a difference of 22 per ct. less scabby fruit 
for the sulphur-treated trees. The trees sprayed with a sulphur 
wash and with the two later applications of the bordeaux-arseni- 
cal mixture had 9.9 per ct. scabby fruit and 11.6 per ct. wormy 
fruit which correspoud very closely with the results obtained 
with the three applications of the bordeaux-arsenical “mixture 
upon these two pests. 

By supplementing one application of a sulphur wash during 
the dormant season with the two later treatments of the bor- 
deaux-arsenical mixture there was, in comparison with the trees 
sprayed with the sulphur wash, a reduction of 51.1 per et. 
scabby fruit and 30.7 per ct. wormy fruit. From these results 
it seems evident that a plan of spraying well adapted for the 
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treatment of apple trees for scale, scab and codling moth is one 
application of a sulphur wash during dormant season, followed 
with the usual second and third applications of the bordeaux- 
arsenical mixture. 

No opportunities have been afforded to test this system of 
spraying for the pear scab, but it is believed, that, as this disease 
is combated by the same remedies as the apple scab, the treat- 
ment outlined will control pear scab, scale, pear blister mite and 
the codling moth. 

Some carefully conducted experiments with the boiled lime- 
sulphur wash and the self-boiled lime-sulphur-caustic soda wash 
have shown that both washes have efficiently controlled the scale. 
Preference is given to the boiled lime-sulphur wash as it is 
cheaper and when prepared by average orchardists is more likely 
to be uniformly effective. But if it is impossible to have suitable 
outfits for the preparation of a wash by external heat then the 
self-boiled lime-sulphur-caustic soda wash is advised. Either of 
these washes, properly prepared and thoroughly applied, may be 
relied on to control the scale on peaches and plums, and on pears 
and apples of moderate size. The pressing problem in this State 
to-day is to control the scale upon large apple trees in as easy and 
satisfactory manner. This has been accomplished where moder- 
ate infestation has existed, but large apple trees, that have been 
neglected and are well encrusted with the scale, which is hidden 
in deep cracks in the bark or is protected by close clinging bark, 
are not easily restored to a satisfactory condition. Trees in 
this state should be judiciously headed in and their rough bark 
removed as far as is practicable before the applications are 
made. Two sprays are commonly recommended for the treat- 
ment of such trees, which are crude petroleum and sulphur wash. 
As many orchardists are unable to apply oil safely and as apple 
trees may be drenched with the sulphur washes without causing 
any injury aside from the loss of some of the fruit and leaf buds, 
the sulphur sprays are advised. [Experience in spraying trees in 
this badly infested condition suggests the wisdom of fruitgrowers 
keeping a sharp watch for the first appearance of the scale and 
of thoroughly spraying the trees thereafter as often as is neces- 
sary to keep the scale in control, 
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The general results of the comparative tests of arsenite of 
soda and arsenate of lead are as follows: 








Wormy APPLES. 





ORCHARD. Trees Trees used 


sprayed. | in count. | Arsenite | Arsenat 
of soda. of lead. Check. 
No. No. Per ct. Per ct. Per ct. 
Dork OFKUWi ss oe hes ee. 276 21 6.4 heal : 

STOR OV. DAL) Rae kde eek.) 400 38 Diet 11 DF) es eee ee 
P-rAPEMO VATE oc Sed. debe 42 34 720 11-3 BY ey f 
BS OUD PALOWR oi. Lik. viay ee 75 40 15 0.5 10.0 
AVOPARG eo he on oe ee Che dette eee eee 9.0 8.6 20.7 





The average percentage of wormy apples for the four experi- 
ments from the trees treated with arsenite of soda is 9.0 and 
from the trees treated with arsenate of lead, 8.6, showing a gain 
in sound fruit by the arsenate of lead of .4 per ct. In com- 
parison with the checks there was a reduction of 11.7 per ct. 
wormy fruit by the arsenite of soda and 12.1 per ct. by the 
arsenate of lead. 
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SPRAYING FOR THE SAN JOSE SCALE.* 


H. E. Hopexiss, F. A. SigRINE AND EH. L. BAKER. 


SUMMARY. 


This bulletin contains the results of the past year’s experiments 
to determine the effects of a number of spray mixtures upon the 
San Jose scale and fruit trees. In this work various sulphur 
washes, the kerosene-lime mixture and soluble oil sprays have 
been used. Applications of these have been made at intervals 
during the early spring, summer and fall. 

The fall applications of the sulphur washes gave, on the whole, 
satisfactory results. In several instances peaches and plums sus- 
tained more or less injury. The treatment upon San Jose scale 
was generally effective. 

The kerosene-lime mixtures have proven rather unsatisfactory, 
for the applications often gave variable results upon the scale and 
the trees. Comparative tests with several grades of lime indicated 
that Limoid made. the more stable emulsion. Analysis of several 
preparations of the kerosene-lime mixture showed that the larger 
percentage of the oil did not settle with the lime but rose to the 
surface in an emulsion with the lime. The variable results upon 
trees and scale were due to the imperfect distribution of this 
emulsified portion in the mixture. 

Some tests were made with a soluble oil spray known as Scale- 
cide. Although this gave some satisfactory results on scale, 
further experiments are necessary to determine its merits for the 
treatment of commercial orchards. 


INTRODUCTION. 

The experiments upon the use of various spraying mixtures for 
the treatment of orchards were continued during the past year. 
The object of the investigations was to determine the effect of 
these sprays on the San Jose scale and on fruit trees. Past ex- 
- *A reprint of Bulletin No. 273. 
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perience! has demonstrated conclusively that the scale may be 
controlled by thorough applications of any of the recognized reme- 
dies, but in the work that has been accomplished there were evi- 
dences of losses in the fruit yields which were largely attributable 
to injuries received in the treatment. For this reason it was Im- 
portant that the work be continued in order to determine es- 
pecially the probable effects of such practice upon fruit pro- 
duction in average years. Various sulphur washes, the kerosene- 
lime mixture and soluble oil sprays were used in this work. The 
results attending the application of each of these washes are dis- 
cussed separately. 
IN. Y. Agl. Exp.’Sta." Bul. 254. 


Ohio Agl. Exp. Sta. Bul. 144. 
Ann. Rpt. Ohio State Hort. Soc., 63: 51. 1903 
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FALL SPRAYING WITH SULPHUR WASHES. 
H. E. HopexKiss AND F. A. SIRRINE. 


Following the general plan outlined for former experiments, 
blocks of bearing apple, peach, and plum trees were selected in 
orchards situated in Ontario Co., near Geneva, and in Suffolk Co., 
near Northville. The conditions governing the treated trees were 
similar to those of last year with the exceptions of two orchards 
which received special treatment. Since differences in condition 
have an important bearing on the results, a brief description of 
each orchard is given. 

Orchard I. (T. OC. Maxwell & Bros., Geneva.)—The trees 
selected for treatment were seventy-three Reine Claude plums and 
twenty-five Fitzgerald peaches. The orhard has received very 
careful attention, and at the time of spraying was thrifty and en- 
tirely free from scale. Both varieties were about nine years old 
and had. not been previously fall-sprayed. . 

Orchard II. (H. H. Loomis, Geneva.)—This is kept in clean 

cultivation but otherwise has received no care or previous treat- 
ment for insects. The trees are about twelve years old, and, with 
the exception of a slight infestation by the oyster-shell bark-louse, 
are thrifty and free from scale. 
Orchard TIT. (Thos. Maney, Geneva.)—For the experiment, 
129 Burbank and Reine Claude plums which had shown more or 
less scale injury during the previous year were selected. Both 
varieties are about seven years old and have received good care, 
particularly in the treatment of insects and plant diseases. This 
orchard. was treated for scale in 1903. 

Orchard IV. (T. W. & J. P. Rice, Geneva.)—A portion of this 
orchard comprising 102 Reine Claude and Burbank plums was 
used for a comparative test of the self-boiled lime-sulphur wash 
and various modifications of the kerosene-lime mixtures. The 
trees were about eight years old, vigorous, and with the exception 
of three trees were not seriously infested with the scale. No pre- 
vious treatment for insect pests had been made in this orchard. 
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Orchard V. (Israel Luce, Ff. A. Sirrine, Northville.) —Peach 
and apple trees were used in this experiment. The peaches were 
selected with reference to vigorous growth and general neglect. 
The apples were young and healthy. Scale and leaf curl were 
present in the orchard during the previous year. The number of 
trees under experiment was 231, of standard varieties. 

All orchards.—The total number of trees under treatment was 
596; of these 41 were apples, 304 plums, 251 peaches. Checks were 
reserved in each orchard, which were representative of the sprayed 
trees. 

CONDITIONS. 

At Geneva the washes were applied between Nov. 11 and 22. 
The weather for this period was variable, generally eloudy with 
light winds. The temperature varied from 20° to 40° F. in the 
morning, and from 34° to 58° F. in the afternoon. There was no 
precipitation until Nov. 20, when a few snow flurries were. fol- 
lowed by clear weather with a light snow at night. 

During the treatment at Northville, made between Nov. 16 and 
Dec. 1, the weather was clear with brisk northeast to northwest 
winds. . 

The trees were sprayed once carefully and the following day 
any limbs not thoroughly coated received a second treatment. 
The weather conditions were much more favorable than in 1903, 

as severe cold did not set in until after the work was completed. 
In each orchard, except Orchard IV, comparative tests were 
made with the several washes. In Orchard IV, the self-boiled lime- - 
sulphur-caustic soda wash only was used in comparison with kero- 
sene-lime mixtures. 


PREPARATION OF THE WASHES. 


The washes were the same as those employed during the pre- 
vious year, viz.: The lime-sulphur-salt wash prepared with and 
without external heat; the lime-sulphur wash; and the lime- 
-sulphur-caustie soda wash, prepared with and without external 
heat. The formule and methods of preparation are as follows: 


BoILtep LiIME-SULPHUR-SALT WASH. 


TAIIC ibd te sa dhe oie wit a ilco ei ie a hk cL ie ean aa .... 20 pounds. 
ae Sah oh pie iaieeed poh oh a ARIES Sona 5 MRS ahh RI win nn, wrk «ce 10sS aa 
POAC F 6 oe RR FE. ULE Raa IEE, eee RES ARLE ee eee ae TSECE 


Watery, he duicnal fA ser ata o: ic.5 colo ERT teal ibe pinta ga ee ere 50 gallena: 
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This was prepared in the usual method by first slaking the 
lime to a thin whitewash, and then adding the sulphur and the 
salt. These ingredients were distributed thoroughly in the white- 
wash and the mixture boiled from one to two hours. 


SELF-BoILED LIME-SULPHUR-SALT WASH. 


Cnr menrs 811. Si¢s, 21 2:. boa o1-b4 > feiss. 2 ohh bid ove pI bteE aly deel Hele obs 40 pounds. 
os 2k EA Re Ret SS es i SRG re eet ae RRR, SR Sune ore 20 3S 
MENS wk nt het NOM Ot i Rete er MEE rate a LRTI ala AE EAN Eien iat Nea Bees 4 
MN TS EG aE a's a al Aptos rege KectcitLs dh ucnenh e 60 gallons. 


a 


This wash was cooked without the direct use of external heat. 
First, the sulphur was made into a paste with hot water and was 
then emptied into a barrel containing forty pounds of lime, which 
was started to slake with twelve gallons of boiling water. During 
the slaking process, the barrel was covered to prevent the loss of 
heat. Occasionally the wash was stirred to secure a more uniform 
distribution of the sulphur in the whitewash. In twenty minutes 
after the time that the lime first commenced to slake, enough boil- 
ing water was added to make the required sixty gallons of mix- 
ture; after which the salt was added and stirred until dissolved. 
The wash was then strained and applied hot. 


LIME-SULPHUR WASH. 


pene re het 2 MOSS ee, TED es Aa 20 pounds. 
pIEnOen se TA PRT), Male ai kt? le Sekine IS Shoe). Leo Es 
ee oe eee eee ee ee Lice teks “Bb vuct as cau vabes ld KEE 50 gallons. 


This mixture was made in the same manner as the boiled lime- 
sulphur-salt wash except that the salt was omitted. 


SELF-BOILED LIME-SULPHUR-CAUSTIC SopA WASH. 


J Trius ered tos Sylgcad ae Ea a a WEES, etn MERE Le a wba sca etai sts 30 pounds. 
LATS Secale oe eh 0 PE tac ea a ae ie Los, ; 
TE GUAR BS) 0 ra Rae a ae Gee 
Ramee NALS 2G). Zh) ek PERS AS. SRL wigs. 8 AR 50 gallons. 


In preparing this wash the lime was started to slake with six 
gallons of water; and, as soon as the slaking commenced the 
sulphur, which had just previously been made into a thin paste 
with hot water, was added and thoroughly mixed in with the 
slaking lime, To prolong the boiling of the wash, the caustic 
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soda was then used, with water as needed, and the whole mixture 
was kept thoroughly stirred. As soon as the chemical action 
had ceased the required amount of water was added, when the 
mixture was ready for use. The soda used in the preparation of 
this wash is a powdered 74 per ct. caustic soda, sold by the Penn 
Chemical Works, 13822 Washington Avenue, Philadelphia, Pa. 
It sells for 4 cents a pound and is contained in 50 Ib. cans. 


BorLtep LIME-SULPHUR-CAUSTIC SopA WASH. 


DTTP ET ae Oe cand soit Sao eA 1S tae Be tw ws “0 40 ha Bae banda ae te Ue Ip es ee ee ee ee 30 pounds. 
BSL EGS TUNIS cets isda pcteen kT 4 sin Gin Rai aretin eae SO altace ale alts Oa tes ie See 15 - 
CATIBETG BOMB gates pitta Linus end dipepel ig aa OF Regie boeke wed Ga eet ee 6 cf 
WHALEY 6 sa pur dss «to 2 cutee «bitty eas ain as GopLeiaie ta elgg oo 50 gallons. 


This was prepared in the same manner as the self-boiled lime- 
sulphur-caustic soda wash, after which the mixture was boiled 
for one or two hours over a fire. 


RESULTS. 


Orchard I: Peaches.—In the early spring with the opening of 
the buds the blossoms and leaves appeared normal and no differ- 
ence could be seen between the check and treated trees. Subse- 
quent examinations, made on May 22, June 14 and July 24, 
showed no apparent variation. On August 15 the foliage of the’ 
treated trees appeared better than that of the unsprayed trees. 
With respect to the fruit yields there was no difference. In 
every case the fruit was small and of poor quality. 

Plums.—Buds on the check trees opened May 9, while those on 
the sprayed plums were retarded for nearly a week. At this time 
the untreated trees had uniformly more foliage, but observations 
made on May 12, 22, June 14 and July 24 showed very little dif- 
ference in this respect. On Aug. 15 the checks had begun to drop 
the foliage owing to the attacks of the shot-hole fungus (Oylin- 
drosporium padi Warst.) but this defoliation did not affect the 
fruit yield, which was very satisfactory in quantity and quality. 

Orchard II: Apples.—A variation in the action of the washes 
was noticeable when the blossoms appeared which was apparent 
on some trees in all the rows receiving treatment. With the 
advancement of summer there was a more abundant growth on 


the sprayed trees, which appeared to be more vigorous than the 
checks. 
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Orchard IIT: Plums.—tIn the early spring the trees treated 
with the self-boiled lime-sulphur-salt wash showed more injury 
than the trees sprayed with the other washes. On some of the 
trees there was a destruction of nearly one-half of the leaf-buds. 
The remainder of the plums showed fewer leaves on the lower 
and inner spurs than the checks. However, the increased growth 
of the new wood caused a great improvement in the appearance 
of the sprayed trees which subsequently fully equalled the checks 
in quantity of foliage and fruit yields. The previous yield of 
plums was practically worthless from scale injury, but this year a 
clean crop was marketed. 

Orchard IV: Plums.—The self-boiled caustic soda wash caused 
severe. injury to a tree which was evidently weakened by scale in 
the previous year. Otherwise the condition of the sprayed trees 
was satisfactory and remained so throughout the summer. 

It is well to mention that applications of the kerosene-lime 
washes in this orchard gave varying results and in some instances 
caused very severe injuries. A number of trees were killed and 
the remainder were so injured that they produced only about 
one-quarter of a crop of fruit. The trees treated with the sulphur 
wash yielded a full crop of fruit and on Aug. 15 were.in much 
better condition than those treated with other sprays. 

Orchard V: Peaches.—Karly in the spring a comparison of 
sprayed and unsprayed peaches showed no apparent differences 
with respect to fruit and leaf buds. The varieties treated with 
the self-boiled caustic soda wash were the more exposed to the 
severe winds and on March 27 Mr. Sirrine reported a consider- 
able shriveling of the young wood. Checks under similar ex- 
posure were less severely injured, while the trees receiving an ap- 
plication of the boiled sulphur wash were somewhat less exposed 
and consequently the injuries from this source were not as con- 
spicuous. An examination on May 6 showed that 75 per ct. of 
the spurs on all the trees were killed, and it was evident from the 
condition of the checks that less than 10 per ct. of the injury 
on the treated trees was due to the spraying. 

Effect on curl.—Peach leaf curl was present on both sprayed 
and unsprayed trees. The sprayed section had 1.5 per ct. of 
curled leaves as compared with 85 per ct. of curl on the checks. 
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Apples.—Applications of the self-boiled caustic soda wash had 
no injurious effect on the trees. This treatment practically eradi- 
cated the scale, only a few being found on fruit taken from 
isolated branches which apparently had not been covered by the 
spray. The apples on the checks were worthless from scale in- 
festation. | 

SUM MARY. 


The results from spraying in the autumn of 1904 have been 


quite satisfactory. In Orchard I there has not been at any time 
during the summer any evidence that the treatment was other 
than beneficial. A similar effect was seen in Orchard II. One 
section of Orchard III was somewhat severely injured by the ap- 
plication of the self-boiled lime-sulphur-salt wash, but this dif- 
ference was overcome during the summer by the increased growth 
of the trees. The results from Orchard IV showed that the kero- 
sene-lime mixtures were unstable and in many cases. were unsafe 
washes; for the application often caused marked reductions in 
leaf and fruit buds, and in some cases the death of the trees. 
The lime-sulphur-caustic soda wash used in this experiment 
caused serious injury to one tree very badly infested with scale 
but otherwise the spray gave satisfactory results. The peaches 
in Orchard V were badly winter killed, but it is believed that 
about 10 per ct. of the buds were injured by the treatment. Apples 
in this same orchard were uninjured by the sprays, and the scale 
was satisfactorily controlled. 


GENERAL SUMMARY AND CONCLUSIONS. 


In the previous work upon this problem the results attending 
the application of the sulphur washes were somewhat conflicting, 
Since some of the treatments caused serious injuries to the buds 
and blossoms, while others in no manner affected the health of 
the trees. But as regards the insecticidal value of the treat- 
ments all the experiments showed that applications at this season 
were uniformly effective upon scale. The work indicated that 
the injuries sustained by the trees were balanced by their in- 
creased vigor and fruitfulness due to the control of the seale. 
The probable losses that an orchard would sustain were not indi- 
cated by this single experiment. These, in order to be thoroughly 


understood, called for further observations covering a number of 
years. . 
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The conditions governing the past year’s experiment were more 
favorable for making the test. The wood was well ripened and 
the weather in the fall leading up to the spraying season was 
mild, while the winter was less destructive to fruit trees, espec- 
ially those that were injured by insects and fungi. The applica- 
tions of sulphur washes were, on the whole, not detrimental to the 
trees and kept the scale well in control. 

From these results it is not safe to conclude that spraying in 
the fall is unattended with danger, as the resistance of a tree is 
largely determined by its health upon entering the winter. Like- 
wise the kind of spray employed and the hardiness of the variety 
are important factors. 

Whether or not it is advisable to spray in the fall seems to be a 
matter of expediency. A profitable orchard infested with scale 
will soon cease to be remunerative if neglected, and spraying, if 
it cannot be done in the spring, should be done in the fall; as the 
losses likely to follow will be more than compensated by the in- 
creased vigor of the trees and value of the fruit produced. 
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THE KEROSENE-LIMIE MIXTURE. 


s 
H. E. Hopaxiss Anp F. A. SIRRINE. 


This is one of the comparatively new sprays that has been in- 
troduced for the control of the San Jose scale and has attracted 
considerable attention through the efforts of the Delaware Agri- 
cultural Experiment Station.? The kerosene-lime mixture is a 
mechanical emulsion of lime, kerosene and water, the lime acting 
as a carrier for the oil, while the water serves largely as the 
‘diluent. Kerosene is one of the most penetrating and destructive 


of insecticides, but when applied pure may cause severe injuries. 


In the employment of lime it has been thought that a combination 
has been secured by which the oil could be more safely used. In 
these experiments tests have been made with Limoid and various 
grade and superfine limes from Ohio and New York. 


CONDITIONS. 


As has been done in other experiments, blocks of bearing apple, 
peach, and plum trees were selected for treatment. With the ex- 
ception of a few badly scale-encrusted trees the orchards in which 
the experiment was made were in a vigorous condition. The 
sprays were continued at irregular intervals during the spring 
and summer. 

THE MIXTURES AND THEIR PREPARATION. 


The mixtures were prepared in several percentages as follows: 


10 per ct., kerosene 5 gal., lime 20 Ibs., water to make 50 gal. 
124per ct. be 64 By Corea st ‘s 6s a: 50. « 
15 per ct. 74 i a 24 8 “6 7: rT 50. 
20 per ct. ‘ 10 uh aerat) . *! 7: c 6 50 
25 per ct. a 124 oe ae cs “ BQ 
30. per ct. ive. Tate egy. ee okt eens o? 
30 per ct. cl Sameer “7 « bathe eae 
40 per ct. ees h hes lee eat) 5s lat” dees ene 


The kerosene and lime were thoroughly mixed together into a 
thin “ sloppy ” mass and the required amount of water was added; 


*Del. Ag]. Exp. Sta. Press. Bulletin 14 (1904); Bul. 68 (1905). 


—— 


—-- 
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after which the whole mixture was stirred vigorously in order 
that the entire “ sloppy ” mass should be thrown into suspension. 
It was then pumped back into itself with the spray pump for from 
three to five minutes to insure a thorough emulsification of the in- 
gredients. 

THE ORCHARDS. 


The orchards in which the treatments were made are located in 
Ontario Co., at Geneva; in Suffolk Co., at Northville; and in 
Niagara Co., at Youngstown. The conditions were the same as 
those given in the previous section for Orchards II, IV and V. 
In addition an orchard was selected for the summer spraying in 
which the trees were about forty years old and very badly scale 
infested. At Youngstown a portion of an apple orchard of 400 
trees which was infested with scale received the spring treatment. 
with this mixture in comparison with the recognized standard 
sprays. | 

The total number of trees under experiment was 6738, of stand- 
ard varieties of apples, peaches and plums. 


DISCUSSION OF EXPERIMENTS. 
FALL TREATMENT. 


Orchard IV; Plums.—In this orchard 63 Burbank and Reine 
Claude plums, and two small cherries were sprayed. These trees 
in the past had been very productive and were thrifty. Local 
hydrated lime was used and applications containing 10 per ct., 
15 per ct., 20 per ct., 25 per ct., 30 per ct., 35 per ct. and 40 per 
et. of oil were made. The preparations having the higher per- 
centages of oil were applied with difficulty as the washes were 
very heavy because of the small quantity of water used in pro- 
portion to the amount of lime employed. For purposes of com- 
parison some trees were treated with a 10 per ct. limoid-kerosene 
wash. 

Results: Hydrated lime mixture, 10 per. ct. oil.—This mixture 
was applied to 13 Reine Claude plums, each tree being numbered 
with respect to the order in which it was sprayed. On May 10 
trees 1 and 2 were severely injured, the only evidence of life be- 
ing scattering blossoms and leaves on the tips of the highest 
branches. With the coming of summer these trees gradually 
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weakened and on July 20 were dead. larly in the season trees 
3-13 inclusive showed no injury, the leaves and blossoms being 
abundant and well distributed. Only a small percentage of the 
blossoms set fruit and the crop was small. 

Limoid mixture, 10 per ct. oil—This was sprayed on 9 Reine 
Claude plums. Trees 1 and 2 were dead on May 10, and tree 3 
had no living spurs on the inner branches although the upper 
portions were well covered with foliage and blossoms. At this 
time trees 4-9 inclusive had on one side abundant foliage and blos- 
soms, while the other half was devoid of blossoms, but had a heavy 
leafage. On July 20 trees 1 and 2 were dead while the remainder 
of the trees were sickly and bore a small yield of fruit. 

Hydrated lime mixture, 15 per ct. oil—Nine Reine Claude 
plums were sprayed and numbered as with the other treatments. 
Tree 1 was nearly dead when examined May 10; and tree 2 had a 
large number of blossoms in the upper portion, while the lower 
limbs had neither blossoms nor leaves. The third tree was heavily 
covered with blossoms and leaves on one side while on the op- 
posite side the buds were only partially opened. The remainder 
of the trees had abundant foliage but few blossoms. On July 21, 
trees 1 and 2 were dead, tree 3 had one-half of the normal leafage 
and no fruits. Trees 4-9 inclusive had a large number of leaves 
and a very small crop of fruit. | 

Hydrated lime mixture, 20 per ct. oil_—This wash was applied 
to 9 Reine Claude plums and one small cherry. An ‘examina- 
tion early in the spring showed that about one-quarter of the 
buds were killed while the remainder were greatly retarded With 
the advance of spring the blossoms were scattered thinly over the 
trees. Only a few of these set fruits so that the yield was very 
small. , 

Hydrated lime mixture, 25 per ct. oil—Nine ReineClaude plums 
were sprayed and all showed injury on May 10. Tree 1 was 
dead, trees 2-7 had only scattering leaves and blossoms, and the 
remaining trees were uninjured. The latter bore an average crop 
of fruit, while the former had none. 

Hydrated lime mixture, 30 per ct. oil.—Applications were made 
to one Reine Claude plum, five Burbank plums and one small 
cherry tree. On May 10 tree 1 was about dead, tree 2 was in a 
sluilar condition, and the other trees were without blossoms but 
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had a heavy foliage. On July 21, 4 trees were dead, one severely 
injured, and the remaining trees were slowly dying. Later in the 
summer all the trees receiving the treatment were dead. 

Hydrated lime mixture, 35 per ct. oil—Applications of this 
were made to four trees. On May 10, tree 1 was dead and the 
foliage on trees 2 and 3 was sparse. Tree 4 had a good crop of 
leaves and blossoms, but matured about one-third of a crop of 
fruit. 

Hydrated lime mixture, 40-per ct. oil—Four Burbank plums 
were sprayed and at the first examination on May 10 showed con- 
siderable reduction in blossoms and leaves on the inside spurs, 
although the outer branches were well covered. These trees had 
about one-fifth of a crop of fruit. 

In comparison with the above it is interesting to note the results 
on trees of the same variety in adjacent rows, which while they 
had been sprayed with the sulphur wash served as checks. These 
trees blossomed heavily and produced full yields. 

Orchard V: Peaches.—A block of fifteen young thrifty peaches 
in a well cultivated orchard and another comprising 58 trees in a 
neglected condition were sprayed with the 10 per ct., 20 per ct. 
and 40 per ct. mixtures on Dec. 5. Scales were abundant on the 
neglected trees at the date of applying the washes. 

Results: Limoid miature, 10 per ct., 20 per ct., 40 per ct. otl.— 
In the spring the younger growth on all the trees receiving the 
applications showed somewhat more extensive injuries from win- 
ter-killing than the checks. On Oct. 23 of the following autumn 
Mr. Sirrine reported that the trees which received applications of 
the 10 per ct. and 20 per ct. oil were in no better condition with 
respect to the number of living scales than the checks, but that 
the bark was somewhat smoother owing to the removal of the 
old scales by the weathering off of the whitewash. The trees 
receiving the highest percentage of oil, while they showed some 
improvement over the checks, were well covered with young 
scales. 

Effect on peach leaf curl.—In the spring following the treat- 
ment, the sprayed trees apparently had as much leaf curl as the 
checks. A count of the leaves on the sprayed trees showed an 
average of 76 per ct. of curled leaves, which was about the 
amount of the infestation of the checks, ; 

oe 
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SPRING TREATMENT. 





Orchard 1V: Plums.—Just before the buds opened a block of 
plums equal in number and similar in variety to those selected 
for treatment during the previous fall received an application of 
the 10 per ct. and 25 per ct. mixtures containing hydrated lime. 
The trees were slightly infested with scale. 

Results.—When the buds opened these trees had more foliage 
and blossoms than the fall-sprayed portion, but a greater varia- 
bility in the condition of the different varieties was quite notice- 
able. Burbank plums which had abundant foliage and blossoms 
soon turned brown and in a few weeks were dead. Other trees of 
the same variety had no blossoms but heavy foliage, and re- 
mained healthy throughout the summer. Reine Claude plums 
and cherries showed a greater variation. All the trees blossomed, 
some very slightly, but the amount of fruit in each case was not 
large. Small fruits, such as currants and raspberries, planted 
between the trees were either killed or so badly injured by the 
spray that they produced no fruit. 

Orchard V: Apples.—In this orchard five large apple trees 
which were in a neglected condition as regards scale were treated 
with the 20 per ct. and 40 per ct. mixtures. . 

Results: Limoid mixture, 20 per ct., 40 per ct. oil—During the 
summer following, the treated trees were not in as healthy con- 
dition as the checks, as the foliage was less abundant and off 
color. At the last examination the trees receiving the applica- 
tion of the 20 per ct. oil were as badly scale-infested as the checks. 
The 40 per ct. oil was more effective on the scale and in addition 
seemed to aid in clearing the bark of lichens and moss. 

Orchard VI: Peaches.—At Laurel, in Suffolk Co., 45 scale- 
incrusted peaches were sprayed with the 10 per ct,. 20 per ct. and 
40 per ct. mixtures. 

Results: Limoid mi«cture, 10 per ct., 20 per ct. 40 per ct. oil._— 
The weaker percentages did not appreciably lessen the number of 
mature female scales, while the 40 per ct. mixture proved to be 
somewhat more destructive. On Oct. 23 larve and mature scales 
were abundant on sprayed and unsprayed trees. 

Effect on curl.—Peach leaf curl was very abundant on the 
treated as well as on the untreated trees. 

Orchard VII: Apples.—In a well cultivated. orchard near 
Geneva, 130 trees were sprayed with either the kerosene-lime 
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mixture or with one of the sulphur washes to determine their com- 
parative merits for the control of the scale which was quite abund- 
ant in the orchard. The 25 per ct. oil mixture was used on twenty- 
four trees, and after the falling of the blossoms twelve of these 
were given the second and third treatments with the bordeaux-. 
arsenical mixture. The remainder of the orchard was sprayed 
with several sulphur washes during the dormant season and after 
the falling of the blossoms the usual applications of the bordeaux 
mixture, containing an arsenical poison, were made to a number 
of these trees. 

Results.—With the opening of the buds no apparent injuries 
were noticeable on any of the trees. On Oct. 12 the apples were 
picked. The yields from the trees treated with the kerosene-lime 
wash showed an average infestation by the scale of 98.2 per ct. 
while the fruit from the trees sprayed with the lime-sulphur wash 
had an average infestation of 9.8 per ct. The checks were com- 
pletely infested. The fruit from the section treated with the oil 
spray, without the bordeaux-arsenical mixture, were 19.8 per ct. 
scabby as compared with 1.3 per ct. of scabby apples taken from 
_the trees receiving treatment with the oil and the bordeaux mix- 
ture. The fruit from the trees sprayed with sulphur wash only, 
were 4.7 per ct. scabby, while those from the trees receiving ap- 
plications of the sulphur wash and the bordeaux mixture had an 
average of 3.2 per ct. of scab. The checks had 28.5 per ct. of 
scabby fruit. 

Trees treated with the oil spray only, had 21.1 per ct. of the 
fruit injured by larvee of the codling moth, while those sprayed 
with the bordeaux-arsenical mixture in addition showed two per 
et. injury by this insect. The fruit from the trees treated with 
sulphur wash only was 56.6 per ct. wormy as compared with an 
average of 17.7 per ct. wormy fruit from the trees receiving one 
application of the sulphur wash, supplemented by the second and 
third treatments with the bordeaux mixture. The checks had 30.7 


per ct. of wormy fruit. 

Orchard VIII: Apples——In Youngstown, Niagara County, a 
portion of a thrifty bearing orchard of 400 trees received applica- 
tions of the 25 per ct..kerosene-lime mixture. At the time of spray- 
ing scale was abundant on the trees. 

Results: Hydrated lime, 25 per ct. oil.—Of 69 trees receiving 
applications of this wash 15 showed on May 20 severe injuries to 


. 
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one side while the other portion had an abundance of leaves and 
blossoms. Trees in this orchard which received applications of 
the sulphur washes were in a very satisfactory condition. The 
effects of the kerosene-lime mixture on scale, as would be de- 
termined by the extent of the spotting of the fruit, was not satis- ° 
factorily shown owing to an unusually small crop of apples which — 
was generally clean through the entire orchard. ; 


SUMMER TREATMENT. 


Orchard IX: Apples.—For this experiment an orchard was 
selected in Geneva which was very badly infested with the scale. 
The trees under observation were twelve Baldwins and Green- 
ings divided equally as regards variety and about 40 years old. 

In connection with the treatment for scale an experiment was 
conducted to determine the comparative merits of various grades 
of lime in the preparation and use of the kerosene-lime mix- 
tures. , 

CONDITIONS. - 


In the experiment the 10 per ct. oil mixture was used, being 
prepared with the grade and superfine Limoid, and the grade and 
superfine Marblehead lime. The mixtures were made in 50-gallon 
lots and each lot was applied separately. In order to ascertain, 
its condition after preparation and while being sprayed, samples 
were taken of each lot after emulsification and at equal intervals 
at the discharge from the nozzle. 

The wash was applied on June 11, at which time the foliage 
was heavy and the fruit of a good size. The weather during 
the day was hot with showers at intervals. The results are as 
follows: 

THE MIXTURES. 


Limoid, superfine.—Three 50-gallon lots were prepared by the 
common method. This lime formed a smooth paste with the oil, 
and after the addition of water and agitation by the pump a 
complete emulsion was apparently made. Fifteen samples taken 
in 1,000 c.c. cylinders from the three different lots showed the 
following results with respect to the relative proportions of lime- 
oil emulsion, free oil, water and lime in each container. At- 
tention is directed to the interesting fact that whitewash without 
the lime and oil emulsion was being sprayed on the trees at in- 
tervals during the application of lots 2 and 3 while in the ap- 
plication of lot 1 nearly one-half of the mixture was lime-oil 
emulsion. 
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QUANTITY OF EMULSION, FREE Ort, WATER, AND LIME IN THE 


SUPERFINE LImMomIp MrxTuRE TAKEN IN 1000 coc. Cc. CYLINDERS. 











LOT, Sample. Emulsion. Free .oil. Water. (ot canite é). 
No. Cr Exc aaa Che 

ePseta aie s/o 4rcie-0 @ 6.63 'e nf 500 we Slege @ bo Bes 300 200 
2 AOFM. eisraw ats 100 450 

3 BO) tees vat ticneced 100 450 

4 OOO wedicreiciecs ciakhe 100 450 

5 GOOEY Fi nce nye a eee 300 200 

A er ee eereserecce 1 185 15 600 200 
tah dis fisga OURS A co ee eee 800 200 

EAE Neth ie aire Mp tetate eich ew ates ; 800 200 

7 Wk SE an) aoe ORES ' 800 200 

5 150 10 600 240 

1H Aer iene eeeseoevee 1 ae a ¢e0 0 8 © 6 S'e 375 250 
2 BOWE | eis ckevorste tears 500 250 

EP IPee Fe ater tats Lars esa. ange ae 1,000 § eile ernie 

GE Sewing a Prot: eet hers sok 625 375 

5 SOOM My... Seta 325 175 


Limoid, grade.—Five 50-gallon lots were prepared by the com- 
mon method. This lime formed a creamy mass with the oil, which, 
upon the addition: of the water followed with agitation by the 
pump, gave a mixture with no free oil. The oil was apparently 
completely emulsified. The emulsion, however, was not evenly 
distributed in the mixture, as the table shows. 


Taste II. QuANTIty: oF EMULSION, FREE O1L, WATER, AND LIME IN THE 

















Grapr Limormw Mrxrurz Taken IN 1000 c. c. CYLINDERS. 


LOT. Sample. Emulson. Free oil. Water. Gaeta 
No. 42" falta oes Gic: CGS 

Re tans enter ai-s.-s 1 GOs een owas 131 203 
Dh MES, ORR eS lea: ee Wee 750 250 

3 ZOO liars Bc ah as ores 500 250 

4 2 DUOUM Ee reece ees 500 250 

5 LQGMIER Rok arets: 625 250 

1 el 9 ae or iI BOOMS bre cunts o's 440 140 
DIRE) ee RRR a Ka ahe eae. sy ee 750 250 

Bt AE OOM cae ew. 5 165 175 

4 POOR Seaton aces 700 150 

5 tes 55 ORR Far Spee 625 250 

ieee ees. ces 1 VAS adl eiee oae DES 465 210 
2 12M Ste hees.% 675 200 

3 L268 Os aiketens ale ore 675 200 

4 LEQ Las shat 675 130 

5 21 OR eae hes, 600 165 

IIo aL SS eee 1 ZOO at canes 635 130 
A (es le ee Te 800 200 

3 TODO ESA sere eter 650 185 

A a9 NG? Ua Acs 920 65 

5 | is gh ile age en de 625 250 

Witte peta tg. srott. SEs 1 Eh. ee 410 255 
SR sos) a tee ew Seo cee P0008) ...3, . aceeuateritnses 

Se ||" nee, 11 CE ee er 440 560 

4 Pan Vi iio. 6 a 575 175 

5 150 Fie. os 640 210 
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Marblehead lime, superfine.—Five 50-gallon lots were pre- 
pared by the common method. This lime formed an uneven lumpy 
paste when mixed with the oil and did not retain oil satisfactorily 
after agitation was applied. Repeated attempts to make a good 
mixture resulted in failure. In the following table may be seen 
the variation in the various mixtures as shown by 25 samples 
taken from the five different lots: 


TABLE IIT. QUANTITY OF EMUZSION, FREE OIL, WATER, AND LIME IN™ THE 
SuUPERFINE MARBLEHEAD LIME MIxTURE TAKEN I1N~_ 1000 Cc. oc. 











CYLINDERS. 
LOT. Sample. Emulsion. Free oil. Water. (pr Jaen a 
No. C.c. C. c. Coc Cre 
ee 1 500i... Siew: 360 140 
2 "Trace. ese 0] ree ie ee 668 342 
pe A ita weet SSN A cap: CRB Ae 800 200 
4 SPAS WE tae Re lig eee meee 833 167 
LR Feed bet crys are ol bie ree wt 800 100 
Saree s 
1B he 1 SSS Ai sae eases eee 467 200 
2 yo gae Sater, tee 595 400 © 
Suilet. chor eee 5 200 795 
4 SS20 eer oe ae 428 250 
5 500 263 125 112 
Pee ee eh. ae iL Al, | ee ere en 250 625 125 
TAR Pee Oe NAS os 125 625 250 
OA. 2. ROR Seale Lee 800 200 
4 125 163 562 150 
5 400 100 S¥ KD 125 
Vaan Grn hee A mgs Be 1 DAR Dial tenn aka eaten om 625 0b cesS eee 
ul wees ee 125 625 125 
UE cba bis eee ee GML Ls tenet ee 800 200 
4 125 163 562 150° 
§ 423 (ti 325 187 
ME. wars cca EER ek Gis 1 AZt eons. eee ee 380 145 
2 5S} seer eee, 660 335 
Fs a ROH 9S och aN a eS ee A et 750 250 
EN Ee a ee 5 200 795 
Ds ack racesd 20 aha eee 800 200 

















Marblehead lime, grade.—This_lime was prepared in four 50- 
gallon lots. The lime formed a white pasty mass which did not 
retain the oil on the addition of water followed with agitation. 
The force of the pump appeared to drive the oil from the lime. 
As with the preceding lime the attempts to produce a complete 
emulsion resulted in failure. A comparison of 16 samples taken 
from the four lots will show the extreme variation of the mixture 
made with this lime. 
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TABLE 1V. QUANTITY OF EMULSION, FREE OIL, WATER, AND LIME IN THE 
GRADE MARBLEHEAD LIME TAKEN IN 1000 c. c. CYLINDERS. 











' Lime 
LOT. Sample. Emulsion. Water. Constr pitates 
No. CXC: Cac CaCs 
LY. 1 337 442 
2 175 F 125 
3 625 162 
4 675 150 
11) Seis sere 1 650 17 
UTES. CREO o W225 875 
5 500 250 
4 588 87 
Vy HES olen ee ee oa 1 650 20 
PLAY beware acs 125 825 
3 S25 tl ered oe 
4 675 162 
1 OW cat oy Sok er 1 425 50 513 12 
a ee er eta ee Gin) 2a oS, EUS 885 
es 200 50 625 125 
PP eter eee Od CEES OSTA OE 902 38 














Effect on trees.—The grade and the superfine limoid and the 
superfine Marblehead mixtures caused some spotting and burning 
of the leaves and fruit which was accompanied with serious drop- 
ping of the leaves. Some of the trees had the foliage badly 
burned, while others treated by the same preparation showed no 
such injury. The grade Marblehead lime mixture caused more 
serious injury to the foliage and branches than any of the other 
washes. The injuries to the fruit, leaves, and young growth ap- 
peared very’ soon after the treatment. 

Effect on scale.—None of the washes appeared to be constantly 
effective in destroying the scale. While some applications gave 
satisfactory results in this respect, many treated trees were at 
the end of the season as badly infested as the checks. There was 
no practical difference in the effectiveness of the several mix- 
tures. The irregularities seem largely’ attributable to the in- 
stability of the emulsion and its uneven distribution in the wash. 


SUMMARY AND CONCLUSIONS. 


The experiments with the kerosene-lime mixture during the past 
year show that the applications of this wash have given variable 
results upon trees and scale. The lower percentages of oil were 
generally ineffective on scale but the mixtures containing higher 
percentages of oil were more efficient. The comparative test with 
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various limes showed that the best results were obtained by the 
use of limoid. 

The percentages of kerosene in well prepared mixtures were 
determined by Mr. Baker, as given in detail in the next section. 
These determinations indicated that the larger percentage of oil 
is formed into an emulsion with a portion of the lime which re- 
mains in suspension, while the remainder of the oil, which is small 
in quantity, is carried to the bottom by the lime which settles. 
Probably the chief reason for the variable results upon scale 
attending the application is the imperfect distribution of the 
emulsified lime-oil portion in the mixture. 

While the use of the kerosene-lime wash in this work has on 
the whole proven unsatisfactory, it is intended to continue the 
experiments next season to determine if a safe and efficient com- 
bination of the oil and lime can be made. 
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DETERMINATION OF KEROSENE IN THE KEROSENE- | 
LIME MIXTURE. 





K. L. BAKER. 


When lime, kerosene and water are mixed in certain propor- 
tions, it has been shown that an emulsion is formed, and that 
the whole mixture, after agitation ceases, separates into three 
layers. Because of this separation there may be unequal distri- 
bution of the ingredients of the mixture in spraying, and for 
this reason it was thought a matter of interest to determine both 
the quantity of kerosene present in each of these layers, and the 
relative proportion of kerosene held in emulsion when different 
limes are used. e 

Four different mixtures were examined. These were prepared 
according to the 10 per ct. formula previously given, using the 
following limes: (I) Superfine Marblehead lime, (II) grade 
Limoid, (III) superfine Limoid, (IV) grade Marblehead lime. 

After thorough agitation, a one-gallon sample was immediately 
taken from each of the mixtures and put into large glass jars. 
The contents of these jars were thoroughly stirred and then 
poured into separatory funnels. In ten to fifteen minutes three 
distinct layers formed. These were separated by drawing off 
each successively into flasks which were then tightly corked to 
prevent evaporation. \ 


METHOD OF DETERMINATION. 


A quantity of the lime-kerosene mixture is weighed into a 
flask, which is connected to a condenser, and steam is passed into 
it. The kerosene all distils over and forms a separate layer above 
the water which passes over with it. The distillate is allowed 
to drop into a burette, from which the lower layer of water is 
drawn away from time to time. After the distillation is complete, 
the amount of kerosene may be read in cubic centimeters. This 
reading multiplied by the specific gravity of the kerosene, which 
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has been previously taken, gives the weight. Knowing the weight 
of the mixture taken, the percentage of kerosene can easily be 
calculated. 

Plate No. XXIX gives a view of the apparatus and shows the 
layer of kerosene in the burette. 


PRELIMINARY DISTILLATIONS. 


In order to show that this method was quantitative for kerosene, 
two trial distillations are made. First, 5 c. ec. of kerosene was 
measured into a 500 c. c. flask by means of a pipette and distilled 
with steam for about two hours; at the end of which time it 
was found that the entire 5 c. c. had passed over. <A duplicate 
distillation was made giving precisely the same result. 

Next a small mixture of lime, kerosene and water was made 
up as follows: 


Kerosene yy . fee eae ais. Da Se, TSO eee 10549 Gl 
WV ALR I ceo acs ae Rie Ra a loo Svan ale ew a Pe ee 88.9 ce. 
PAM OS SUR, UA. I 4.5 grams. 


This mixture is in the same relative proportion as the 10 per ct. 
kerosene-lime mixture. In this case, as in the previous experi- 
ment, all of the kerosene passed over. 

These trial distillations show that by this method the entire 
amount of kerosene is obtained. 


DISTILLATION OF LAYERS. ' 


Twenty-five to thirty grams of each of the lower layers were 
weighed out in duplicate and distilled according to the method 
described above. Practically all of the kerosene, about 1 ¢. e. in 
each case, passed over in one hour, but the distillation was con- 
tinued for an hour longer to get the last traces of the oil. 

Fifteen to twenty grams of the upper layer were weighed out 
and distilled in the same way. The time of distillation, however, 
was much longer, from six to eight hours, and 10 to 15 e. e. of 
kerosene passed over. 

Similar distillations of the middle layers were made, but no 
kerosene was found. 





{ 
a 
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The condition of all the layers with regard to the kerosene con- 
tent is given below in the tabulated results: 


TABLE V. KEROSENE IN DIFFERENT PORTIONS OF KEROSENE-LIME MIXTURES. 














: Kerosene Specific Weight of Percentage 
LOT AND SAMPLE. Weight. distilled. gravity. kerosene. of kerosene. 
Lower LAYERS: Grams. Gace. Grams. Per ct. 
I fen te ibatl .79 .869 2.79 
Se esaeee Sete ec ereeaeseveese 32.15 y be ae. .79 .948 2.96 
Il § 27.58 1.1 ae .869 3.15 
OS ey pal ts eee ed 127.85 105 .79 .830 2.99 
Ill {35.89 iba! .79 .869 2.42 
Jt Oia 139.47 1.25 .79 .988 2.50 
Iv {23.40 ae .79 .553 2.36 
27 SARIS COSI SET a 124.56 Sif .79 .553 2.25 
Upprr LAyYErs: 
I § 20.42 15.9 .79 12.56 61.50 
rem dener i ee” 120.54 16.1 .79 12272 61.92 
Il (16.24 10.1 .79 7.98 49.12 
Wei o.s1ee SUS 6 « 6 6s 8 « 6 O ; 115.64 10. Seo 7.90 50.51 
Ill Ey rie .79 8.69 57.59 
ES ey eae ee ae 15234 3 cf .79 8.69 56.76 
IV sDeies 14.3 .79 11.30 61.19 
a7 eee. ee 20.82 16.5 .79 13.035 62.60 

















From the above results it will be seen that by far the greater 
part of the kerosene is found in the uper layer, while only a small 
portion of the oil is carried to the lower by the lime as it settles 
down. 

The percentage of kerosene in the top layers varies somewhat 
with the different limes used. This difference is not notice- 
able in the lower layers. 
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SOCALECIDE. 
H. E. Hope@Kiss. 


The soluble oil preparations are comparatively new sprays 
which during the past year have been widely advertised for the 
treatment of the San Jose scale. There are now several brands 
on the market, to each of which a proprietary name has beén 
given. As opportunity has permitted, rather extensive tests have 
been made with these preparations to determine their merits 
as compared with standard remedies. As the work with it has 
been longer continued, the following notes on the results with 
Scalecide, one of the first of the brands to be introduced, are 
given to indicate the probable value of the miscible oils for 
orchard treatment. Applications of Scalecide were made during 
the dormant season and were continued at irregular intervals 
throughout the summer and fall. The work being in progress 
at the present time, the results from: the fall treatment cannot be 
obtained. 

CONDITIONS OF TESTING. 


On April 26 when the buds were swelling, a block of 20 apples, 
5 pears, 1 peach and 1 quince was sprayed with various percent- 
ages of the oil. Apples and peaches were badly scale-infested 
while the other kinds of fruit had only a few traces of scale. 


PREPARATION OF THE MIXTURES.. 


Percentage of oil, 3 per ct.: Scalecide, %4 gal.; water, 25 gals. 


‘“ é< 5 per ct.: é< 1 ‘“ 6 90. CO“ 
‘“ 6“ TY, per ct.: é< 1% « rT: 90 CO“ 
66 “ 40 per ct.: é< 9 7; rT: 20. «CO 
‘ «1h aaperct.- saa 8. 72a 


The oil and water were stirred vigorously, after which the mix- 
ture was pumped back into itself until the Scalecide which first 
appeared on the surface was completely mixed with the water. 
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DISCUSSION OF TREATMENTS AND RESULTS. 


EARLY SPRING APPLICATION. 





Five per ct. Scalecide: Apples. On April 26, seven trees were 
sprayed with the five per ct. wash. The buds at this time were 
slightly swollen. The weather for the week following the appli- 
cation was clear, with slightly increasing temperature. The buds 
on the check trees opened rapidly during the first week of May 
but the treated trees were not as far advanced. On May 15, 45 
per ct. of the buds on the sprayed trees were not open while the 
checks were in full foilage. During the following two weeks the 
former were greatly improved in appearance, and by August 15 
the foliage on them seemed to be more abundant than that on the 
unsprayed trees. © 

Plums.—Three plum trees sprayed on April 26 were examined 
on May 15. There was no difference at this time between the 
checks and treated trees and these conditons continued the same 
throughout the summer. 

Pears.—Three pear trees treated before the buds opened showed 
severe retardation during the early part of May. A careful exam- 
ination at that time showed that about 75 per ct. of them were 
well open. Four weeks later these buds had fully developed, and 
the only trace of injury was the relatively less abundance of the 
leaves on the inner and lower spurs. 

Ten per ct. Scalecide: Apples.—For this application seven badly 
infested apple trees were selected. These were sprayed April 26. 
On May 10 about 15 per ct. of the buds had opened while others 
were somewhat retarded. As the season developed the effect of 
the oil became less noticeable, and by the first of June the foliage 
was heavy and of a good color. 

Peach.—A five year old peach tree, much infested, was selected 
for treatment. In making this treatment only one-half of the tree 
was sprayed while the remaining half was left as a check. As ~ 
the buds opened no difference could be detected between sprayed 
and unsprayed portions except that there was a slight retardation 
by the treatment. 

Two weeks later the entire tree was in full foliage and no dif- 
ference could be seen between the two portions. On August 1 the 
leaves on the checks were beginning to drop and by September 
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this portion was completely defoliated, while the sprayed portion 
retained its foliage until the appearance of frosts. 

Pears.—Observations on May 16 showed that pear trees receiy- 
ing this treatment had about 54 per ct. of the buds retarded. As 
the season advanced these buds opened and the foliage ultimately 
equalled that of the checks. 

Fifteen per ct. Scalecide: Apples.—Seven trees were treated 
just before the buds commenced to swell. An examination on 
May 15 showed that about 75 to 100 per ct. of the buds were 
retarded. With the advancing spring this difference became less 
apparent and in the late summer the foliage was much better 
than that of the checks. 

Pears. 





An application of this percentage to four trees gave 
results similar to those obtained with the apples described above. 
The trees, however, made a vigorous growth during the summer. 


SUMMER APPLICATIONS. 

Beginning June 20, a series of applications was made to apples, 
pears, peaches and plums using the 3 per ct., 5 per ct. and 71% 
per ct. solutions. During the few days following each spraying 
the weather conditions were very favorable. 

Results: On peaches, 3 per ct., 5 per ct. and 71% per ct. Scalecide, 
—The foliage on the trees receiving applications of the-3 per ct. 
Scalecide showed severe burning. The general appearance of the 
leaves was as if punctured by hail stones. The fruit which had 
become sizable was uninjured. 

The five per ct. solution affected the foliage in a manner some- 
what similar to that described above. The fruit however was 
badly burned and did not develop. 

Applications of the 744 per ct. Scalecide entirely defoliated the 
trees. 

On apples, with 3 per ct., 5 per ct. and 71% per ct. Scalecide.— 
The apple leaves on the trees receiving the several treatments were 
severely burned and the fruit marked with black corky spots. The 
injured fruits grew to a good size but were imperfect. The injury 
by the different sprays was equally severe. 

On pears, with 3 per ct., 5 per ct. and 71% per ct. Scalecide.— 
Pears were injured in much the same manner as the apples. The 
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injury to the fruit however became less prominent as the season 
advanced. All the treatments caused an equally severe injury. 

On plums, with 3 per ct., 5 per ct. and 7% per ct. Scalecide.— 
The applications of the 5 per ct. and 714 per ct. strengths seemed 
safe. But later in the summer further experiments were made to 
determine if the oils were uniformly safe to plum foliage. In this 
work the results were quite different, for the fruit was badly 
spotted and the leaves burned, which resulted in severe defolia- 
tion. 

EFFECT ON SCALE. 

The trees receiving treatment during the dormant season ap- 
peared to be entirely free from living scale when examined during 
June, July, and the first week in August. During the last week in 
August young living scales were detected upon the trees receiving 
applications of 5 per ct. and 10 per ct. oil. No living scales were 
seen on the trees sprayed with the 15 per ct. oil at any time during 
the summer. The appplications containing 38 per ct. Scalecide 
seems to have little or no effect upon the scale. 


SUM MARY. 


A careful examination of the results obtained by the use of this 
oil showed that spraying during the dormant season was accom- 
panied with a great retardation of the buds. But later these 
opened so that ultimately there was little difference in this respect 
between the sprayed and unsprayed trees. The results in this 
particular attending applications of 5 and 10 per ct. Scalecide 
were not important, but the retardation following the treatment 
with the 15 per ct. oil was very severe. In many cases the treat- 
ment seemed to promote the growth of better foliage. Summer 
spraying with Scalecide in every instance caused severe injuries. 
In these experiments, 3 per ct. Scalecide had no appreciable effect 
on the scale. Applications containing 5 per ct. and 10 per ct. oil 
seemed to destroy from 80 to 95 per ct. of the scale. The higher 
percentage seemed to entirely control the scale. 

While the Scalecide at first gave promising results, it seems 
best in view of the variable results upon scales and trees in all in- 
stances in the later work to continue these tests to determine its 
merits as an orchard spray. 
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REPORT OF THE HORTICULTURAL 
DEPARTMENT. 


PART I. PLANT-FOOD CONSTITUENTS USED BY BEAR- 
PNG INT beri hs,” 


L. L. VAn Styxn, O. M. Taytor ann W. H. ANDREWS. 


SUMMARY. 

1. Object. The work described in this bulletin was undertaken 
for the purpose of ascertaining the amounts of nitrogen, phos- 
phoric acid, potash, lime and magnesia used in one growing sea- 
son by bearing fruit trees. 

2. Kinds of trees studied. We selected for the work one to 
three standard varieties of each of the following kinds of fruit 
trees: Apple, peach, pear, plum and quince. The trees were 
typical representatives in the full vigor of bearing. 

3. Plan of work. The fruit, leaves and new growth of wood 
as represented by the tips of branches were carefully gathered, 
weighed, dried and analyzed in the case of each individual tree. 

4. Presentation of results. Tables are given showing the 
amount of each of the plant-food constituents in the different 
portions of each of the trees. The relations of the tabulated 
data presented are discussed in detail. 

5. Plant-food used per acre. Peach trees used the largest 
amounts of plant-food; apple and quince trees, approximately 
alike in the results given, come second, while pear and plum 
trees, which give results much alike, come third. 

6. Relative proportions of plant-food constituents used. 
Using one pound of nitrogen as a basis for comparison, it was 
found that the different fruit trees used very nearly the same 


* A reprint of Bulletin No. 265. 


356 Report oF THE HorricULTURAL DEPARTMENT OF THE 


relative proportions of the different plant-food constituents. The 
averages were as follows: 


Nitrogen, 1 pound. 
Phosphoric acid, .27 pound 
Potash, 1.14 pounds 

Lime, 1.85 pounds 
Magnesia, 0.45 pound 


INTRODUCTION. 


The problem of feeding plants in the most effective and, at 
the same time, economical way is more complicated than any 
other we have to deal with in ordinary agricultural oper- 
ations. - Assuming that the physical properties of the soil are 
satisfactory, we ought to know, in order to solve the problem 
most satisfactorily, two important factors—first, the amount of 
plant food required by crops, and second, the amount of avail- 
able plant food which the soil can be relied upon to furnish 
during the growing season. It is less difficult to secure knowl- 
edge regarding the former question. Much study has been, and 
is being, given to the latter point, the determination of the 
amount of available plant food in soil, but a thoroughly reliable 
method cannot be said to have been found yet. 

The work presented in the first part of this bulletin was under- 
taken at the suggestion of the Director and its object was to 
study one of the factors indicated above, viz., to ascertain the 
amounts of certain plant-food constituents used in one growing 
season by fruit trees in bearing. For a strictly complete study,, 
we sught to know the amount of plant food used during the 
growing season by the fruit, leaves, new growth of wood, 
increase in size of trunk, branches and roots. So complete an 
investigation is impracticable, and we have to content ourselves 
with the results given by the fruit, leaves and new growth of 
branches. The plant food contained in these undoubtedly in- 
cludes much the larger part of the total used by the whole tree. 

The evidence furnished by chemical analysis of a given crop 
cannot be interpreted rigidly as showing how much plant food is 
actually required for that crop under any and all conditions. 
When there is an abundant supply of any form of plant food, a 
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plant may use more than it actually needs; that is, the same 
crop may thrive just as well in every respect, when it is supplied 
with less plant food than is indicated by a particular analysis. 
However, multiplication of data of this character is necessary in 
order that some kind of a general guide may be furnished for 
studying the plant-food requirements of crops. We need only 
be on our guard to interpret such data with some degree of free- 
dom and not regard each analysis as representing all conditions. 
The kinds and varieties of fruit trees used in our work were 
the following: Apple, Rhode Island Greening and Baldwin; 
peach, Champion, Elberta and Hills Chili; pear, Kieffer and 
Angouleme, Duchess de; plum, Grand Duke and Italian Prune; 
‘quince, Champion. The trees were selected with reference to 
securing typical representatives in the full vigor of bearing. The 
fruit, leaves and new growth of wood as represented by the tips 
of branches were carefully obtained, weighed, dried and ana- 
lyzed. Precautions were taken when necessary, to avoid the loss 
of foliage, by enclosing the entire tree with mosquito netting. 
A record was kept of the fruit that fell before the final picking. 
The fruit was picked at the stage of ripeness usual in common 
practice. The foliage was left until it showed a tendency to 
drop. ‘The twigs of new wood were removed soon afterward. 


THE AMOUNTS OF PLANT-FOOD PRESENT IN ONE SEA- 
SON’S GROWTH. 

We will consider by itself each kind of fruit used in our work. 
In the stone fruits, the pulp and stone were separated. The 
water given in the tables indicates simply the amount present in 
the different parts of the tree at the time the samples were taken. 


APPLE TREES. 


The following table gives the results secured with the two 
apple trees used in the work. The apple trees were about thirty 
years old. 
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TABLE J.—PLANT Foop USED IN ONE SEASON By APPLE TREES. 





















































| WEIGHT. 
| — 
VARIETY. | Part. Weight. i AS Phos ic ri Mag- 

| Water. Nitra cid Potash | (Go nesia 

| gen. | (p.0,), "| (MgO) 

| —}]$ | ——_— —— 

Lh: *}.. Lee. | Lbestte Los, © | Lea. lbs ee 

Baldwin. BesdPraits... ses. 1,168.31/1,000.54; 0.467 0.210; 1.156, 0.070) 0.164 
Greening. ....|Fruit.......... 1,542.19)1,338.70) 0.679; 0.278) 1.418 ‘S 154; 0.200 
Baldwin...... |SBOWIES. Lops ere sie 80.00) | 30.26} 0.920' 0.138] 0. 215, +, 17586] ,0, 518 
Greening..... LO@SVES 6 a4 cei 81.05 39.18} 0.811 0.1387; 0.327; 1.304) 0.414 
Baldwin...... \New.wood..... 5.88 3.04; 0.026 0.009} 0.013; 0.082} 0.014 
Greening.....|New_wood..... 8.19, 4.33} 0.037; 0.013) 0.019, 0.088) 0.018 
Baldwin...... 'Total weight. ..|1,254.19/1,033.84| 1.413] 0.357| 1.384] 1.688] 0.696 
Greening..... Total weight. ..|1,631.43)1,382.21; 1 27 0.428] 1.764) 1.546) 0.632 
pee a fat od J 


Attention is called to the following statements in connection 
with this table: : 

(1) Weight—tThe fruit forms the largest weight of material 
taken from the trees, the leaves coming second. The total amount 
of dry matter in the products averages 234.75 pounds for each 
tree, distributed as follows: In the fruit, 185.6 pounds or 79 
per ct. of the whole; in the leaves, 45.8 pounds or 19.5 per ct. 
of the whole; and in the new wood, 3.35 pounds, or 1.5 per ct. 
of the whole. 

(2) Nitrogen.—The largest amount of nitrogen is contained 
in the leaves, the amount of nitrogen in the fruit being second. 
The total amount of nitrogen in the products averages about 1.5 
pounds to a tree and is distributed as follows :—In the leaves, 0.87 
pound or 59 per ct.; in the fruit, 0.57 pound or r 39 per ct.; and in 
the new wood, 0.03 cian or 2 per ct. 

(3) Phosphoric Acid is contained in largest amount in the 
fruit and in least amount in the new wood. Its total amount 
averages 0.4 pound and is distributed in the different portions of 
each tree on an average as follows:—In the fruit, 0.25 pound or 
62.5 per ct.; in the leaves, 0.14 pound or 35 per ct.; and in the 
new wood, 0.01 pound or 2.5 per ct. 

(4) Potash.—The total amount of potash in the products of 
each tree averages 1.57 pounds, distributed as follows:—In the 
fruit, 1.8 pounds or 82 per ct.; in the leaves, 0.27 pound or 
17 per ct.; and in the new wood, 0.02 pound or 1 per ct. 

(5) Lime.—The total amount of lime in the products of each 
tree averages 1.62 pounds, 1.42 pounds or 87.5 per ct. being 
found in the leaves. 

(6) Magnesia.—The total amount of magnesia in the products 
of each tree averages 0.66 pound, 0.46 pound or 70 per ct. being 
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found in the leaves, and about 0.2 pound or 27.5 per ct. being 
present in the fruit. 

(7) Relative proportions of constituents.—Taking the total 
quantities of constituents given above as an average, we have 
approximately the following relative proportions of the different 
constituents, based on 1 pound of nitrogen for comparison: 


Pounds 
PPR UROVEL we. eee at iNet iy Aira hdl sa ah iD a wears ad atid ted | 
UCC eee. et ere TE Oe Pees lot is ee! AF, 20 
MER. Feet e OS ns te KU Oe cd Oh oe wacis eyo es BORO 
eee eertr. 2.00) LNs ed SOME PWS whl aha Fonocleh 
BOA SIESTA Vs: iisikss Pass ib sale. bait elie p4% OE. GMA LEN 0.5 


(8) Amounts of different constituents used by one tree.—On 
the basis of the results presented above, each apple tree uses on 
an average the following approximate amounts of plant-food con- 
stituents during the growing season: 


Pounds. 
PECOMON pe hee sc A ra ot Cape Se See ert EPSOM Me EOE poe ot 
pee R AC Mpa ct cg i ee as 0s et a. eect abataeu's #5 sinis, sO eh oe ee 
PM ayo h! eee ear NIM Us WA Galas Gad a yields hate PRO 
ib 11? eae area Re OR NEARS. OG: RA eR PM aes eR en ES 1.6 
RT er oe ae eared Srey a pl ck cals er An phan whe es 0.7 


PHACH TREES. 


The following table gives the results secured with three varie- 
ties of peach trees. The Elberta tree was 9 years old, and the 
other two were 7 years old. 


Tapie II.—PLAnt Foop USED IN ONE SEASON By PEACH TREES. 






































WEIGHT, 

VARIETY. Part. Weight. : Phos’ic ° Mag- 

Water. Nitro- acid Potash Le nesia 

gen. (P,0;.) (K.2O).| (CaO). (MgO) 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Champion,...|Fruit pulp..... 123.39} 110.20} 0.118 0.043} 0.257| 0.009) 0.021 
MUDELEA.. =. o's Fruit pulp> «.. 190.48} 169.14} 0.112 0.078; 0.286) 0.023) 0.030 
Hills Chili....|Fruit pulp..... 171.26) 154.89) 0.130 0.070) 0.337! 0.014) 0.029 
Champion....|Stones......... 6.42 2.56|- O3014! 0.004; .0.006; 0.002) 0.003 
Elberta...... Stones:s tia eek 15.40 5.03} 0.039 0.012} 0.010) 0.004! 0.010 
Hills Chili, ...|Stones......... 8.05 2.40! 0.026 0.007; 0.006) 0.0038) 0.007 
Champion....|Leaves........ 46.28 29.83) 0.488 0.069) 0.372) 0.694) 0.202 
Witherta. «si. WSCA VER. oe saves. 38.26) 24.40} 0.298 0.054; 0.116) 0.811) 0.254 
Hills’ Chili;...)Leaves......... S20 hk 34.44) 0.524 0.079; 0.333) 0.859) 0.256 
Champion,...|New wood..... 13.94 7.45|\, (0,063 0.014) 0.033) O:1638)* 0.026 
Elberta...... New wood..... 5.50 2.72; 0.024 0.007; 0.012} 0.091) 0.014 
Hills Chili....|New wood..... 19.06 11.96} 0.077} 0.019) 0.088} 0.180) 0.026 
Champion,...|/Total weight...| 190.03! 150.04) 0.633 0.130; 0.668} 0.868) 0.252 
Hlberta.ti7%).. - Total weight... 249.64} 201.29| 0.473 0.151} 0.424) 0.929) 0.308 
Hills Chili... .|/Total weight...}| 251.08} 203.69] 0.757 0175) — On 714 1.056), 02318 

ED a 2 
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A study of the foregoing table suggests the following state- 
ments: 


(1) Weight.—The fruit constitutes the largest weight of the 
products taken from the tree. The total weight of dry matter 
removed is on an average 45.25 pounds for each tree, distributed 
as follows: in the fruit pulp 17 pounds or about 38 per ct. of 
the whole; in the peach stones, about 6.5 pounds or 14.5 per 
ct. of the whole; in the leaves, about 16 pounds or 35.5 per ct. 
of the whole; in the new wood, about 5.5 pounds or 12 per ct. 
The peach stones form about 6 per ct. of the fruit. 

(2) Nitrogen.—The leaves contain the largest amount of nitro- 
gen. The average amount of nitrogen removed from the tree by 
the products is about 0.6 pound, of which there is present in the 
fruit pulp 0.12 pound or 19.8 per ct. of the whole nitrogen; in 
the peach stones, about 0.03 pound or 4 per ct. of the whole 
nitrogen; in the leaves 0,42 pound or 67.7 per ct.; and in the new 
wood, about 0.06 pound or 9 per ct. of the whole nitrogen 
removed. 

(3) Phosphoric acid.—The average amount of phosphoric acid 
contained in the products removed from the tree is 0.15 pound, of 
which 0.06 or 42 per ct. is found in the fruit pulp; .008 pound 
or 5 per ct. in the peach stones; 0.07 pound or 44 per ct. in the 
leaves; and .001 or 9 per ct. in the new wood. 

(4) Potash.—The average amount of potash in the products of 
each tree is 0.6 pound, distributed as follows: In the fruit pulp, 
0.29 pound or 49 per ct.; in the peach stones, .007 pound or 1 
per ct.; in the leaves, 0.27 pound or 45 per ct.; and in the new 
wood, 0.08 pound or 5 per ct. 

(5) LIime.—The total amount of lime in the products taken 
from each tree averages 0.95 pound, 83 per ct. of which is con- 
tained in the Jeaves and 15 per ct. in the wood. 

(6) Magnesia.—The average amount of magnesia in the pro- 
ducts removed from each tree is about 0.38 pound, 81 per ct. of 
which is present in the leaves, 9 per ct. in the fruit pulp and 8 
per ct. in the new wood. 

(7) Relative proportions of constituents.—Taking the total 
quantities of constituents given in Table II as an average, we have 
the following approximate relative proportions of: the different 
constituents, based on 1 pound of nitrogen for comparison: 
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Pounds. 
eee esa nts cates osaky. witha t.0 01s 906 0 0a o tien 1.0 


MRCP emer ay ph Oy 5% Gui s Pe oiene eins Fong a 4 n sic eats ORDO 
ee TE ed Ie EA ae a Ree en Oo | 
ae ye PSE SS Fee on 3 sae Aaa aa ar EP 
MINE ED Si ca gn 220K, aka shake, tech PAGHRG\ Man #92 Re eS ae ee 0.5 


(8) Amounts or different constituents used by one peach tree.— 
On the basis of the results presented above, each peach tree uses 
on an average the following approximate amounts of plant-food 
constituents during the growing season: 


Pounds. 
Meee. aie yn es d's ee et sdties th Te eet Sake dehy 0.62 
ee DUOTIC HACIA 20:2. Seles oe ees DiPeSOCed! CAA GEAve on uta nr ald ted 0.15 
MA PC hie ess gin ah Fats 'e os RE WPF IER ae grt Rea sg gs 0.60 
PDE e AIM ek eA ns 2 gee Se LAS Tas eR ded ieta Raia e et ieee 0.95 
Meetesta. Pekan Oe. 2 Be hah i Oe ae yj aoe Serer act ot 28 1 TB0 


PEAR TREES. 


In the following table we give the results obtained with two 
varieties of pear trees, Kieffer and Angouleme, Duchess de. The 
Kieffer tree was 20 years old and the Duchess was 10 years old. 


va 


TABLE IIJ.—PLANT Foop USED IN ONE SEASON BY PEAR TREES. 















































WRIGHT. 

° gen. (P;O];. (K.O). (CaO) ‘ (MgO) 

(ol ap COD a ID alk Ge A Soe PA ro a sed Wi 3 
Angouleme,..|Fruit...... Aeideene 55.38 48.06} 0.027 0.011} 0.070} 0.005] 0.007 
ieaotteths.. .. RG seer ee 267.38) 230.06) 0.123 0.044; 0.267] 0.032} 0.0387 
Angouleme...|Leaves........ 8.02 4.43) 0.061 0.011} 0.039} 0.099) 0.025 
etter’. a.c..2'- MeaVeR Ace ate 38.63 24.22) 0.248 0.038} 0.139} 0.413] 0.094 
Angouleme...|New wood..... 3.25 1.80} 0.011 0.004; 0.011} 0.031] 0.005 
Kaefier S43: New wood..... 9.75 5756); + 0.025 0.009} 0.022} 0.058} 0.014 
Angouleme...|/Total weight... 66.65 54.29) 0.099 9.026} 0.120] 0.135! 0.087 
WaeMer... . 253 Total weight...| 315.76) 259.84) 0.396 0.091) 0.428} 0.503] 0.145 











The data embodied in the foregoing table can be summarized 
in the following statements: 

(1) Weight.—The fruit constitutes about 65 per ct. of the 
weight of all the dry matter taken from the tree; the leaves form 
about 26.5 per ct. and the new wood, 8.5 per ct. of the water- 
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free products removed from the tree. The total weight of dry 
matter removed averages 68.28 pounds for each tree. 

(2) Nitrogen.—The average amount of nitrogen taken from 
each tree is about 0.25 pound, of which 62 per ct. is in the leaves, 
30.5 per ct. in the fruit and 7.5 per ct. in the new wood. 

(3) Phosphoric acid.—The products taken from each tree con- 
tain on an average 0.06 pound of phosphoric acid, of which 46 
per ct. is in the fruit, 42 per ct. in the leaves and 12 per ct. in 
the new wood. 

(4) Potash—The average amount of potash removed from 
each tree is 0.27 pound, 61 per ct. of which is in the fruit, 33 per 
ct. in the leaves and 6 per ct. in the new wood. 

(5) Lime.—The products removed from each tree contain an 
average amount of 0.52 pound, of which 5.5 per ct. is in the fruit, 
80.5 per ct. in the leaves and 14 per ct. in the new wood. 

(6) Magnesia.—There is removed in the products taken from 
each tree 0.10 pound of magnesia, 66 per ct. of which is in the 
leaves, 24 per ct. in the fruit and 10 per ct. in the new wood. . 

(7) Relative proportions of constitwents.—Taking the total 
quantities of constituents given in Table III as an average for 
each tree, we have the following approximate relative propor- 
tions of the different constituents, based on 1 pound of nitrogen 
for comparison: 


Pounds 
NEIPB CONIC ONS OF rot pele oe eee eo eee BN iris 3 eo 1.0 
Brospharicvacide Ye ose Fes PR ee 0.25 
bb 9 Kee) MRNA ay: SW er PMA GBA a ac bE wkeop wo pre een wneI NBR Om 1.0 
AIME aise tas o- *f Stat Uw SPST 6 Abbe ns, Sais e's SRO ogee aie ae 1.3 
LAO UGSI E5555 Ais 4 6 Soto ach 00a « aly) aCe be viaccess er 0.5 


(8) Amounts of different constituents used by one pear 
tree.—On the basis of the results presented above, each pear tree 
used on an average the following approximate amounts of plant- 
food constituents during one growing season: 


Pounds 
INELLO DON. CAE a Pan San ae SR ota kena ae Oe 0.25 
Phosphoricadeidss ilage. ates plone. tice’ «Gad Danek SIRES 0.06 
BOTASD oe suce fect} os scnise doch sand akin, davgahpets ests) °c (a «xe th cetiee Rian es 0.27 
JAMO. a ti. 44s vt s sa ee + km ep egies atts Rete ‘a teheseiatls aur 0.32 


MA SNCSI Hse! 0)sie55 nie a wae 'aare’ a insoca te Uae Paces ey tah tee ee 0.10 
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PLUM TREBS. 


In Table IV given below, we present the results obtained with 
two varieties of plum trees, Grand Duke and Italian Prune. The 
former was 9 years oid; the latter 10 years. 


TABLE IV.—PLANT Foop USED IN ONE SEASON By PLUM TREES. 


WEIGHT. 















































VARIETY. Part. Weight. ahi Nuttae “bea Potash | tame ae 
gen. (P.O;.) CK5O)), (CaO). | (MgO) 
me Le 

Lbs Lbs. Lbs. Lbs. | Lbs. Lbs. Lbs. 
Grand Duke .|Fruit pulp..... 46.12 40.60! 0.045 0.019} 0.054 0.005} 0.006 
Italian Prune. |Fruit pulp..... 85.65 G3, 44 UOeI16 0.042} 0.226) 0.013} 0.021 
Grand Duke .|Stones......... 2.89 0.90' 0.015 0.004) 0.003} 0.002} 0.003 
Italian Prune. |Stones......... 5.28 1.37; 0.027 0.007; 6.007) 0.006) 0.006 
Grand Duke .|Stems......... 1.05 0.62} 0.004 0.001; 0.001; 0.007; 0.002 
Italian Prune. |Stems......... S200 2.26) 0.014 0.005! 0.018} 0.041; 0.012 
Grand Duke .|Leaves........ 9.94 6.07} 0.069 0.017, 0.043) 0.210) 0.064 
Italian Prune.|Leaves........ 19.56 T2E92 Os Lod 0.032) 0.250) 0.237| 0.077 
Grand Duke .|New wood.:... 2.50 1.24) 0.013 0.005} 0.006; 0.046; 0.008 
Italian Prune.|New wood..... Tels 3.58} 0.037) 0.012) 0.024) 0.120; 0.017 
Grand Duke..|Total weight. .. 62.50 49.43) 0.146 0.046} 0.107' 0.270) 0.083 
Italian Prune. |Total weight... 121237 93.57) 0.345 0.098; 0.525, 0.417) 0.133 














The dat'a embodied in Table IV may be summarized in the fol- 
lowing statements : 


i 


(1) Weight.—The total amount of dry matter removed from 
the trees in the form of fruit, foliage and new wood averages 
20.44 pounds to a tree, of which 43.6 per ct. is found in the fruit- 
pulp, 25.6 per ct. in the leaves, 14.4 per ct. in the plum stones, 
11.7 per ct. in the new wood and 4.7 per ct. in the fruit stems. 

(2) Nitrogen.—The average amount of nitrogen in the products 
taken from each tree is about 0.25 pound, distributed as follows: 
In the leaves, 44.8 per ct.; in the fruit pulp, 32.8 per ct.; in the 
new wood, 10.2 per ct.; in the fruit stones, 8.5 per ect.; in the 
fruit stems, 3.7 per ct. 

(3) Phosphoric Acid.—In the products removed from each tree 
there is an average of 0.7 pound, of which 42.4 per ct. is found 
in the fruit pulp, 34 per ct. in the leaves, 11.8 per ct. in the new 
wood, 7.6 per ct. in the fruit stones, and 4.2 per ct. in the fruit 
stems. 

(4) Potash.—The average amount of potash removed by the 
product's of each tree is about 0.32 pound, distributed as follows: 
46.4 per ct. in the leaves, 44.3 per ct. in the fruit pulp, 4.7 per 
et. in the new wood, 3 per ct. in the fruit stems and 1.6 per ct. 
in the fruit stones. 
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(5) Lime.—Each tree loses on an average in the products re- 
moved 0.34 pound of lime, of which 65 per ct. is in the leaves, 2.6 
per ct. in the fruit pulp, 24.3 per ct. in the new wood, 7 per Ct. 
in the fruit stems and 1.1 per ct. in the fruit stones. 

(6) Magnesia.—The total amount of magnesia removed per 
tree is 0.11 pound, 65.5 per ct. of which is in the leaves, 12 per 
ct. in the fruit pulp, 11.8 per ct. in the new wood, 6.5 per ct. in 
the fruit stems and 4.2 per ct. in the fruit stones. 

(7) Relative proportions of constituents.—-On the basis of the 
amounts of plant-food constituents given in Table IV, we have 
the following approximate relative proportions of the different 
constituents, taking one pound of nitrogen as a basis for com- 
parison: | 


Pouncs 
END ELOS EM =. bp. h-5 5 RS aca PNET a 9 UR ena ge eT +s See 
Phosphoric acid ..... “gaa Golds, eke Ree teers oat 4. Eytan Weber ae 0.3 
EAS is ek Sono aaa cwirwleateeag stmt, wives Bip GCSEs aceae Tet oc ae a : fhe: 
TING es. as. wap ie Swath me » EERE as Ae + aces tae 1.4 
‘Masnesiag S00. (6095s. te ot ea ee ee aoe 


(8) Amounts of different constituents used by one plum tree.— 
On the basis of the data embodied in Table IV, each plum tree 
uses on an average the following approximate amounts of plani- 
food constituents during one growing season: 


Pounds 
DIILTO COI Ss. Biri etsy sue’ die siege Ee ena Lage + eiaeee 0.25 
PHOSPNOPIG TACIEL 5,85 snecc ha Sie x < b Siace ake mee en ae a 0.07 
POLS) shot. a sate eds be + ontas, Oop beech bceehe one eee nee 0.31 
DEAT Yc Wek Ysa aces nan Mee ae, Mirra rails ET en 0.34 — 
MAOIST a iio: gis we»: wgid og Baca Reais vig es Me areata ak nn 0.2 


QUINCE TREE. 


Only one quince tree was used in our work, a Champion, 11 
years old. The tabulated results of our work are given in 
Table V. | 


TABLE V.—PLANT Foop UsED IN ONE SEASON BY QUINCE TREE. 


























WEIGHT. 

VARIETY. Part. Weight. ue Nitro. E bod 38 Potash -Tanie uae, 

"| gen. | po.) | (K20).| (CaO). | Arse 

(P205). (MgO) 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Champion....|Fruit.......... 77.00 63.41} 0.092 0.042} 0.185} 0:014) 0.025 
Leaves so bost 9.66 5.23] 0.085 0.017} 0.041} 0.192) 0.046 
New wood..... 2.69 1.39] 0.013 0.005) 0.011) 0.067} 0.008 





Total weight... 89.35) - 70.03} 0.190 0.064) 0.237 0.273] 0.079 
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The following statements summarize the results obtained with 
the quince tree used in our work: 


(1) Weight.—The total amount of dry matter removed from 
the tree in the form of fruit, foliage and new wood is 19.32 pounds, 
of which 70.3 per ct. is in the fruit, 22.9 per ct. in the leaves, 
and 6.8 per ct. in the new wood. 

(2) Nitrogen.—The amount of nitrogen removed from the 
tree in the season’s products is about 0.2 pound, of which nearly 
50 per ct. is in the fruit, about 45 per ct. in the leaves and the 
rest in the new wood. 

(3) Phosphoric acid.—The total amount of phosphoric acid 
taken from the tree in one season’s products is 0.06 pound, 66 
per ct. of which is in the fruit, 26 per ct. in the leaves, and 8 per ct. 
in the new wood. 

(4) Potash.—About 0.25 pound of potash is removed in the 
products taken from the tree during one season, of which 78 per 
ct. is in the fruit, 17 per ct. in the foliage, and 5 per ct. in the 
new wood. cad 

(5) Lime.—The total amount of lime found in the products 
of the tree is 0.27 pound, 50 per ct. of which is in the leaves, 25 
per ct. in the new wood, and 5 per ct. in the fruit. | 

(6) Magnesia.—There is found 0.08 pound of magnesia in the 
products taken from the tree, 58 per ct. of which is in the leaves, 
32 per ct. in the fruit and 10 per ct. in the new wood. 

(7) Relative proportions of constituents.—On the basis of the 
amounts of plant-food constituents given in Table V, we have 
the following approximate relative proportions of the different 
constituents, taking 1 pound of nitrogen as a basis for compari- 
son: 


Pounds 
nT) Wee MEMES s, « '. Sis cy sd epee etmaty Sip alors Camas ot heen ens 1.0 
PHOS DIROTIC: ACL eristaiecsi< wis 8 + 0 anal iiead seenee ats ea ateber om 0.33 
RR eh) erreeet  « . . x's oa Nmamanmer Fete pythe so au ace oanete ares 1.25 - 
REMC Re rena OE GE Sy. 's «55 ap Rates «js Weve pie elore piaintarede as 1.45 
AUER) OS ES So ct eee opens ay rye 0.40 








(8) Amounts of different constituents used by one plum tree.— 
On the basis of the data embodied in Table V, the quince tree 
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used the following amounts of plant'food constituents during one 
growing season: 


Pound, 
NItPOSen gs, Akl BSN ee Malas SRE ae RE Res a Tee 0.19 
PHOSDHOTIC ALTOS « . c2, 2 totes Dixy aerate cone epee ieee ee ona 0.06 
IZBLARN Pe ote eo a ee aie aks wo Sleta Nt Sean cit ne eee Sng eee 
DANE ig AE eh 4 Det oi aap ae ey Rtv ts gh acne s en ae he eet eee 0.27 
IVE OTICRIA ovate coc aoc we id nie utes sie Pity Bia ater abe amas Pie ars tes ee 0.08 


COMPARISON OF RESULTS OBTAINED WITH THE 
DIFFERENT VARIETIES. 


Having considered for each variety of fruit tree the amount 
of plant-food constituents used in one season’s growth of fruit, 
foliage and new wood, we will now compare the results given by 
the different varieties. We will consider these results (1) in 
respect to the total amount of plant-food constituents used on an 
average by each tree, (2) the relative proportions of plant-food 
constituents used and (3) the total amount used by the trees 
grown on one acre of land. 


TOTAL AMOUNT OF PLANT-FOOD CONSTITUENTS USED. 


The following table gives the average amount of nitrogen, 
phosphoric acid, potash, lime and magnesia used by each fruit 
tree of the different varieties studied: 


TABLE VI.—PLANT Foop Usep By ONE TREE OF DIFFERENT VARIETIES OF 
FRUIT TREES. 








: Phosphoric Potash Lime Magnesia 
VARIETY. Nitrogen. acid (P;O;). (KO). (CaO). (MgO). 
Lbs. Lbs. Lbs. a 1,08: Lbs. 
IAD DIC Be ee aeei is oS 1.47 0.39 LOL 1.62 0.66 
PEA CIO Uke is eens 0.62 0.15 0.60 0.95 0.29 
PSR ree kecatcttitemie. Mees 0.25 0.06 0.27 0:32 0.09 
Plu eaters Foe es 0225 0.07 0.32 0.34 0.11 
GIN CO, Mirae oes aehn ae ene asta 0.19 0.06 0.24 0.27 0.08 


These figures represent results obtained with trees in full vigor 
of growth and may be regarded as approaching as near average 
results as we can expect. Larger and older or smaller and 
younger trees could be selected which would give quite different 
results. 


Rex) 
=~] 
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THE RELATIVE PROPORTIONS OF PLANT-FOOD CONSTITUENTS USED. 


Using one pound of nitrogen as a basis for comparison, the 
relative amounts of other plant-food constituents are readily 
ascertained and these results are given for the different varieties 
of trees in the following table: 


TABLE VII.—RELATIVE PROPORTIONS OF PLANT-Foop CONSTITUTENTS USED. 








. Phosphoric Potash Lime Magnesia 

VARIETY. Nitrogen. acid (P20;). (K 2Q). (CaO). | (MgO). 

Lbs. Lbs. Lbs. Dowie Loe 
EAD DIG comers atelo hee coke axeke S480 0.8045 1 0.27 1.07 1.10 0.45 
BAUS een ers as (erect es A aes hiss ci Ah i} 0.25 0.97 1.53 0.47 
Meat ee ee eto lias po clip els 1 0.24 1.10 1.30 0.37 
WERRREY ee es HE oak co creas tyes 5 Sti 1 0.29 1.29 1.40 0.52 
ULETIAYE RS 9 2 ee RM 1 a a 1 0.33 1.25 1.44 0.42 
PAVOCARG OM Alls. Petacts stovsuie os 1 0.27 1.14 1.35 0.45 





The uniformity of the figures in this table is quite striking. 
It would appear from these data that the relative proportions of 
the different plant-food constituents are approximately the same 
for these different varieties of fruit trees. This means that, 
under like conditions of soil fertility, a mixture of nitrogen, 
phosphoric acid and potash which would meet the requirements 
of one variety would also meet the needs of the other varieties, 
so far as the supply of these plant-food constituents is concerned. 
What particular proportions are best adapted to meet the needs 
of any particular soil can be determined only by special experi- 
ment. 


THE RELATIVE PROPORTIONS OF PLANT-FOOD CONSTITUENTS USED IN 
DIFFERENT PARTS OF TREE AND PRODUCTS. 
Tt is a matter of interest and importance to notice the relative 
proportions of plant-food constituents used separately by the 
fruit, leaves and new wood. 


TABLE VIIJ.—RELATIVE PROPORTIONS OF NITROGEN, ETC., IN DIFFERENT Parts 
oF TREE. 








Variety of fruit : Phosphoric Potash Lime Magnesia 
PART OF TREE} "97°70 Nitrogen. | acid (P2Os). | (K20). | (CaO). | (MgO.). 


————————_—_————__—— | | | 


Lbs. ede seg ipa e Lbs 
ON Wan siete Apple te ..... 1.00 4 : 0.32 
Fruit Te Ponce Peac Et Snes 1.00 0.49 2.05 0.12 0.23 
NED oases Steen ete «> EBaE aes ><: 1.00 0.36 2.24 0.24 0.30 
POPUL ugh doviee ale PIAS eSGioO1. . 1.00 0.35 1.43 0.13 0.18 
pg a ae Quince......... 1.00 0.46 2.00 0.15 0.27 
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TABLE VIII.—RELATIVE PROPORTIONS OF NITROGEN, Etc., IN DIFFERENT PARTS 
oF TREE.— ( Continued.) .. 








Variety of fruit . Phosphoric | Potash | Lime | Magnesia 
-PART OF TREE tree. Nitrogen. | acid (P20. | (K20). | (CaO). | (MgO). 


——_—_——_—_—_—_ | Ss |) 








Lbs. Lbs. Lbs. Lbs. Lbs. 
Leaves......-2.. Applescine aid ascus 1.00 0.16 0.31 1.64 0.54 
IBS V.GS is ee ies ee CAC. aie wleterela e 1.00 0.16 0.65 1.90 0.56 
TU BAVOS te sn al Pear Sc a aktoas 1.00 0.16 0.58 1.66 0.40 
eBVOSyTs<.ete ee Plums. seo 20002: 1.00 0.22 1.33 2.03 0.64 
WIAA VGN eee erie. CJUINCO Nos eee at 1.00 0.20 0.50 2.26 0.54 
MCB VOS}.. ci 0. Average. .0....% 1.00 0.18 0.67 1.90 0.54 
INGW iWOOGSK os. I CADDIC. cock cuieae 1.00 0.35 0.51 2.70 0.51 
New wood....... Peacho-7 2. ose 1.00 0.24 0.51 2.64 0.40 
GING Wi WOOL State toys Oa a cechavere oieke 1.00 0.40 0.95 2.50 0.53 
New wood....... Heed AAW Ba) Aco) penis 4 Bea 1.00 0.34 0.60 8.32 0.50 
New wood... ....|- Quince. 120.2% e 1.00 0.40 0.85 5.15 0.60 
New wood....... | Average........ | 1.00 Or35 | 0.68 3.26 0.51 


A study of the data contained in Table VIII suggests the fol-: 
lowing statements: 


(1) The relative amounts of phosphoric acid do not vary 
greatly in the different varieties of fruit, nor in the leaves of the 
different varieties of trees. There is somewhat more variation 
in the new wood of the different varieties of trees. 

(2) The relative amounts of potash in the different fruits do 
not differ greatly, excepting only plums, in which the proportion - 
of potash to nitrogen is less than in the other fruits, while in the 
leaves, the amount of potash, relative to nitrogen, is much higher 
than in any other variety. This peculiarity may not be char- 
acteristic of plums in general but only in the variety used or of 
the individual tree used. 

(3) The.chief fact in respect to lime that attracts attention is 
the large proportions present in the new wood of the plum and 
quince in comparison with the others. 


AMOUNTS OF PLANT-FOOD CONSTITUENTS USED PER ACRE BY DIFFER- 
ENT VARIETIES OF FRUIT TREES. 


Taking the figures given in Table VI and multiplying by the 
number of trees per acre, we obtain the total amounts of differ- 
ent plant-food constituents used in one season by the growth of — 
fruit, foliage and new wood on one acre. The amount of plant- 
food used by the trees, branches and roots in increasing their 
size is not included in these results. 
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TAWLE IX.—AMOUNTS OF PLANT Foop USsEp PER ACRE. 


Number of |-~: Phosphoric | Potash Lime Magnesia 
VARIETY, trees an acre. Nitrogen. acid (P.0O;). | (K20.) (CaO.) (MgO). 
: Lbs. Lbs Lbs. Lbs Lbs 
i Ways) (oh Wee, oe Oe 35 DED 14.0 55.0 57.0 23.0 
jE pe ons oe ge ae 120 74.5 18.0 72.0 114.0 35.0 
IBORTHOE ihe cae ls. oss 120 29.5 7.0 33.0 38.0 11.0 
Plum Renita ate Perens eaux 120 29.5 825 38.0 41.0 13.0 
NOTICE 7k a0 kc sg Be 240 45.5 15.5 57.0 65.5 19.0 


It is evident that the amounts of plant-foot constituents given 

in this table were present in the soil in available form during the 
growing season and within reach of the root systems of the trees. 
If one knew that there were no available plant-food in the soil, 
the above. quantities would be the smallest amounts that one 
should apply for a season’s growth. On the other hand, if one 
knew how much available plant-food were present in the soil, 
then it would simply be necessary to supplement this supply, 
if it were less than the season’s requirements. At present we can 
ascertain what we want to know about the amount of available 
plant-food the soil can furnish only by rather crude experiment- 
ing. 
_ It is quite noticeable from the figures given in Table IX that 
an acre of peach trees uses considerably larger quantities of 
plant-food than any of the other varieties of fruit trees given. 
The apple used approximately the same amounts per acre as the 
quince. 

The amounts of nitrogen and potash used by any one kind of 
fruit trees were approximately the same in most cases while 
the amount of phosphoric acid was only about one-fourth the 
nitrogen or potash. In most commercial fertilizers used on fruit 
trees the phosphoric acid is present in proportions about four 
times the nitrogen. This is on the assumption that the soil con- 
tains more nitrogen relatively than phosphoric acid, which may 
or may not be true in individual cases. The question may be 
raised as to whether quantities of phosphoric acid are not fre- 
quently applied much in excess of the actual need of a season’s 
crops. 


AMOUNTS OF PLANT-FOOD CONSTITUENTS USED PER ACRE BY DIFFER- 
ENT PARTS OF TREE. 


It is desirable to notice the amounts of plant-food constituents 
used per acre by different parts of fruit trees, since in some sea- 
sons no fruit is borne and under these conditions only the leaves 


24 
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and new wood need be considered in respect to amounts of plant- 
food used. 


TABLE X.—AMOUNTS OF NITROGEN, Eirc., Usep PER Acre BY DIFFERENT PARTS 

















OF TREE. 
| Variety of fruit | y: Phosphoric | Potash Lime Magnesia 
3 eben heat tree. Nitrogen. |acid (P.0;). | (K20). | (CaO). | (MgO). 
Lbs. Lbs. Lbs. Lbs. Lbs. 
ECE 1 Ia ae bh ADPplerwuiw ess. 20.0 8.5 45.0 ooy 6.4 
Rrurtient 2) see hs | Peach iene 17.5 8.6 36.0 gre 4.1 
EUPULOS see ake Wears. Teak. 9.0 3.2 20.2 Pare 2.6 
PORTE Gn teee e ds cats ay fe Ske. ei Loo 4.7 18.5 4.4 3.0 
12) bh aed ae BR i iQninees .”s 34a ee | 222.0 10.0 44.4 3.4 | 6.0 
Vat sess. TO | Average........ | 16.4 7.0% 32s 3.2. 4.4 
Leaves ee 6) Cc i ee, 30.3 4.8 9.5 49.7 16.3 
CAVES A phitess! suclend AEDS EereVe) © Repeal pati | 50.4 8.0 32.9 94.6 28.5 
WICHVES ee ete Care Pear ee eeheor tee 18.5 oa 10.7 SURE Tae 
Leaves. 2.4... %.| elum ee 13.2 2.9 WieG 26.8 8.5 
TRAV Sere ube. Sees | 20.4 4.1 9.8 46.1 11.0 
Peaves....> ¢. 5+ <} AVOTSER. wi see Ss 26.6 4.6 16.1 49.6 14.3 
New wood... >.'s] Apple. ..20 5. 6.) galt 0.4 762 sel W 0.6— 
New MOO Gy ocd DE BACH. < a Py ik oe | 6.6 1.6 3.4 17.4 2.6 
New wood....... | (POSE geese ee Pie? 0.8 2-0 5.4 Vad 
New wood....... | RARE stare sched vind (A Ba 6 1.8 10.0 1.5 
New wood.......| Cie sates cena s | Sel alse 2.6 1628 1.9 
New wood....... | Average, oben ein See 1.0 Pie 10.4 4.5 
| 1 








From the data in Table X, we gather the following state- 
ments: 


(1) In respect to the amounts of plant-food used per acre by 
the fruit of the different varieties of trees, the amounts of nitro- 
gen, phosphoric acid and potash in the different fruits are in 
about the following order: Quinces use the most, and then fol- 
low apples, peaches, plums and pears. 

(2) Potash is present in the fruit in larger quantities than is 
any other plant-food constituent; nitrogen comes second, being 
present to the extent approximately, of one-half the amount of 
potash. Then follow, in order, phosphoric acid, magnesia and 
lime, all of these being present in much smaller amounts. 

(3) In the leaves, the plant-food constituents used per acre 
are greatest in the case of the peach, the nels coming second 
and then quince, pear and plum. 

(4) Lime is present in the leaves and also in the new wood in 
much larger quantities than any other plant-food constituents; 
nitrogen comes second, followed in order by potash, magnesia 
and phosphoric acid. 

(5) In the new. wood, the plant- tood constituents used per acre 
are greatest in the case of the peach trees after which come in 
order quince, plum, pear and apple. 
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PART I. TABULATED ANALYSIS SHOWING AMOUNTS 
OF PLANT-FOOD CONSTITUENTS IN FRUITS, 


VEGETABLES, ETC. 


For some years past many data have been accumulated by 
the Station in making analyses of a large variety of plant mate- 
rials. It has seemed desirable to bring these results together and 


publish them as matters of interest and for reference. 


TABULATED ANALYSES OF FRUITS, VEGETABLES, ETC. 
3 

















FRUITS. Moisture. Nitrogen. | eee 
APPLES. Per ct. Per ct. Per ct. 
Baldwin (1) =fruitees cia ce me 84.84 .062 .021 
LOAVES: seated oun = 57.06 494 | 073 
: WOOGs cigerits o's 50.03 .465 .120 
(2) nB RD ALOT, os 85.64 .040 018 
IGS VES Aaa iare sm 37.83 TD Wo 
WiOOGts seta tats 51.78 .450 .160 
Golden Sweet —flesh.......... 86.86 .050 OZ 
stato oa ae ee 83.44 O76 025 
core 85.48 151 045 
leaVeSiius e.0)e's 56.60 456 065 
WOOL aie 49.57 .485 va esi 
R. I. Greening (1) —fruit.......... 84.13 .043 .010 
LOAVES gute de os 62.55 734 090 
WOOGmscrauesrs* 48.74 3885 ee i tes 
(2) ATUL esas ae 2 86.74 044 .018 
leaves........ 48.34 1.000 169 
wood Pasties eh 52.87 wt02 .158 
Hubbardston ——f TUT, sca ets «0 0.2 82.35 .067 .018 
leaves........ 54.76 569 068 
WOOK: eee. & 49.06 .459 ~L3o 
Tompkins King Feet TULA Gist eRe far ciac 83.44 043 .025 
JOGVESo. vale s 6 60.07 483 052 
WOO. gang =... /- 52.66 ae IY .095 
Northern Spy =P TUT te any ones 84.08 .027 .022 
leavesmnem. st. 56.32 942 109 
NA DVO 8 Lent ORM 46.88 its 143 
Red Astrachan —flesh........... 89.74 .048 .013 
ELST, Gales apt 85.81 .114 048 
BORO emits s+. « 85.71 201 056 
leaves -fasa... > 53.00 761 dala 
WOOD see eo « 49.40 572 Sdn 
Twenty Ounce emEPUT ba ieee. «+ 84.93 .042 .020 
leaves. ....... 59.00 .472 .062 
WOO sk Reece 49.42 BOULG 191 
Yellow Transparent—flesh.......... 88.16 .047 020 
SKIN bie on fe 85.34 .057 038 
GOTO5. Aeetaiens onehs 85.63 .134 040 
leaves........ 48.60 504 O77 
wood 49.33 451 172 
BLACKBERRIES. 
Fruitland—berry...............000- 85.10 .216 .058 
Bareegs.. Mite cea reese es 48.14 1.04 ol 
HOW swiOOU: ov 02 uae aes: Pi desegl ba) 255 ho 
meee OIL WOO. sas 5. sieeUs.s as) 38.26 yd | .025 











Potash. 


Per ct. 
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TABULATED ANALYSES, Etc.—Continued. 





FRUITS. 


; CHERRIES. 
Kentish=—tlesh.', sci. clerics oe ele ee 


CURRANTS. 
Champion (black)—berries.......... 
SLEMS! tists hee 


London (red) —berries............ 


(white) —berries.......... 


Da wBMR BIDS f:2% f claeee hangs wie ee bie 


; GOOSEBERRIES. 
Downing —Dbexrrlesss..os oe. che wee olen 


GRAPES. 


IPAVER Areacy ao ee eee ere 


NOW WOOd Wak suck ore tonnks 


4 PEACHES. 
Champion—fegh’). .u0'...% o., bere biems 
BUOTIOS Vt ore se acca ee tee 


Hiberta» ——fleshv st 22%) weihcta tke ce 


TeWswOOd 2c... boat veins 


Prars. 
Doyenne Boussock —flesh ...... 








Moisture. 





Nitrogen. 





Phosphoric 
acid, 


Per ct. 


a bereits © sha S 
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TABULATED ANALYSES, Etc.—Continued. 


























FRUITS. _ Moisture. Nitrogen. | FP penoge Potash. 
.. Pears—(Continued). Per cts vs Per ct. Per ct. Per ct. 
Angouleme, Duchess de—fruit....... 86.78 .048 .019 .126 
leaves..... 55.23 -761 .143 484 
WOOGsae 55253 .328 118 329 
Kieffer —fruit...... ; 86.38 .046 .016 .100 
leaves..... 62.70 .642 .099 .361 
new wood. 57.04 .259 .092 | . 226 
Pious. 
Grand Duke —flesh................ 88.06 .100 .042 147 
BLONCS. ic)5-5 stele, cent 32.83 020 e152: | .097 
ALOUUS ita eswie jens diagsis. e« 59.52 349 a) Ba Wy em SLOZ 
NERV OS Polos as AiiRe Lane 61.10 .692 heey: .436 
HOW WOOd.. Sains ss 49.59 .509 -192 | 233 
Italian prune—fiesh........5........ 85.74 135 .050 . 264 
BHONES care co.ee tae telsls 26.00 EDLZ Loo loo 
BUOMISs oc.. oi. Gales. cco os 60.40 .386 .137 .475 
LOS VOSA Uh wesedrtte ar. + 66.06 nth) . 164 L328: 
HOWE WOO se cv asreeie + 50.20 .628 raley. . 338 
QUINCES. 
READ -ALVEG 4 oss lal oh ca etera 8 8 0 82.35 .119 .054 . 240 
RCAVOR 4, thas Skt ae. Vb. a6 54.15 .885 ma lve ee .422 
TO We WOOG Sars eh'afuete sak 51.57 .494 . 204 391 
RASPBERRIES. 
Columbian (purple) -—fruit....... 83.20 .188 .090 725 
leavés...... 40.64 1.40 250 | 69 
new wood 43.03 44 120 25 
old wood... 37.00 21 .032 | #21 
Cuthbert (red) ATUL b bel s,stecis 84.35 . 207 .088 .24 
leaves...... 33.28 158. 280 68 
new wood 41.33 39 150 | 23 
old wood 33 .52 33 080 19 
Golden Queen (yellow)—fruit....... 84.55 .179 -083 PH 
leaves..... : 29.42 | 1.53 s3Le .628 
new wood.. 34.70 47 apes, Bae 
old wood... 17.43 Al .09 cy 
Mills No. 15 (black) —fruit....... 80.80 .265 sf Be 351 
eaves...... 58.94 .900 221 500 
new wood. . 41.72 540 .120 .270 
old wood... 36.70 . 230 .032 | .300 
STRAWBERRIES. : 
Bederwood —hberries.......... 90.89 .149 .030 : .254 
hullsh es Baaes0.25 79.57 7355 -086 |° .406. 
Bubach —berries.........- 91.53 5 b21 .059 | .219 
UU aege rats: } tiene: are 82.22 . 292 .066 .437 
Crescent —berries.......... 90.23 .154 .067 BOTT. 
TIUISaaepeeede eee 80.81 282 .067 391 
Gandy ——berries, .27)..... 89.30 es .065 . 246 
Mule Paes ote 81.83 .229 .065 -403 
Sadie —berries.......... 91.51 .114 :056 -215 
INC S Fee atten s 86.66 .209 .048 .306 
Sharpless —berries.......... 90.27 .113 .057 .186 
ee ne 82.42 |. . 246 .114 .376 
Tennessee Prolific—berries.......... 91.15 aly .058 . 207 
hulls; eee « 82.07 . 283 .116 317 
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TABULATED ANALYSES, Etc.—Continued. 





GARDEN VEGETABLES. 


Asparagus 


Beans (string) 


Beets: 
Egyptian 


Red-turnip 


Sugar 
Cabbages 
Carrots 
Cauliflower 


Cucumbers 


Egg-plant 
Lettuce: 

Deacon 
Mushrooms: 

Muskmelons 


Onions: 


—tops: 
May POS. ..c cee tis 
AULUSGHLS. tw tacts 
IDCLTIGA,. erie ete nove 
—pods and beans.... 
IGAVES 70h Ree on 
Bias so poe wc. e 


mV Sia. BX poe te ne 


—edible part........ 
leaves? AEN. pete 
VANLGS Jitss Seariee hoes 

—edible part........ 
LOR VES: tet eeione ae 


® O10 =e 0 ve ese © 8 ee 


garden-grown...... 
greenhouse-growD.. 


greenhouse-grown., 
ATUL as soln tee tele 
vines and leaves... 


Yellow Danvers—bulb........ 


Parsnips 


Peas (garden) 


Pumpkins 


Radishes: 
ed 


White 
Rhubarb: 
No. 1 


No. 18 
Salsify 


Sweet corn 


Tomatoes (1) 


(2) 


Turnips: 
Flat 


—garden-grown root. 
garden-grown top.. 
greenhouse - grown 

TOO: ch eadtie aac tcc 


—garden-grown-root. 
garden-grown top.. 


Se CLIG). sane ctalltnehotamle’ate 
leaves: .. Sate ces 


Moisture. 


Nitrogen. 


Phosphoric 
acid. 


Potash. 


—_———— | | | 








.368 
.317 


.366 
.231 
.937 
279 
.363 
.110 
.416 
.201 
.188 
.863 


224 
'250 
‘215 
'348 
225 





.138 


.076 
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TABULATED ANALYSES, Etc.—Continued. 


GARDEN VEGETABLES, 


Yellow Swedish—root............ 
MODs koe wae stones 
Watermelons —fruit..............| 
vines and leaves... 
MISCELLANEOUS PLANTS. 
(Stems and leaves.) 


PETC LIG I oss Ais whic Serko, soe rads 
aT see ie Prete eats, oee) ede chuatee aualten-o oh 
PPCCE IOUT a aap iaecavecs cote bis ode ah vet's 
Re REND eee IAN chit fre te anericcona''eca/e @ caren 
epneriiini, (LALA) oh. dee. seen es 
NeSiap erin G CWILC) sess eels: eteace, a d's 3.3 
PtP RATE OP AUVS eth Ao oe, ois) Siale lore sie dee? ee 
etal Wa OMGITC Vir c:c1re pre'eis ss ed ais asco. s)| 


Rost BusHES AND FOLIAGE. 
(Partly air-dried.) 


American Beauty—flowers......... 
GeV eB tS rai ic rs 
WOOK Sins fork nto 
Bridesmaid —flowers......... 
NERVES. pecs oc le. oe 
WOOG, Gacraus wanes 
The Bride —flowers......... 
LOAVES Ge lhtngitere oie 
WOO gan tats alate 
MTOM MRIS 5280 x. cases ca ncdh cunt wie tiehe a dese: 8 
SELLS ods AOS Ea SURG ORS ke Ow Se cl 
SU ATUOL YS . c cas cia sodtes 6 anaes 
“THY Sel Maa ed A oR ee anon aM ae Ae ee 
Pbrvynyre” CRTOMCH iat cca aard dao rereroce a slots 
PVANGELEOAVOLY 2. eer ok cae eoaks aes 
VVIDEPYIVE OO Corecess. ateletsee lela bee) of one 





Moisture. 


Per ct. 
90.90 
89. 
92. 
84. 





Nitrogen. 


Perc 


be 
242 


.420 
el 67 
.501 


. 907 





Phosphoric 
acid. 


Per ct. 
104 
a ae 
.055 
074 


.156 


223 


B05 


Potash. 


Per ct. 


Non 
oad 
Doo 


mo 
Hs He 
ow 












qfBtr est)” 





he es ae 


ad ‘ 
a es oe es oe aoe E +S 
ail 4 x Spee Labejauke. > ek hele eon ear 
: . ei a =) 
Sa? Laie ta ix ee atte © ; 


a ae 
) a Ai 


-* 
ses 20 Cae 


Pye 




















APPENDIX. 


I. PERIODICALS RECEIVED BY THE STATION. 


II. MerErorRoLoGIcAL RECORDS. 
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Appendix. 


PERIODICALS RECEIVED BY THE STATION. 


codow! LEU Ci 01 ESR REIS Ea 6s oc a Complimentary. 
“Acker und Gartenbau Zeitung................... i 
Berra oPLOUNISt. © Fl eile phot ee wed oS % 
Agricultural Gazette of New South Wales......... . 
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Beitrage zur Chemischen Physiologie und Pathologie Subscription. 
Berichte der deutschen botanischen Gesellschaft.... r 
Berichte der deutschen chemischen Gesellschaft..... 


Bibliographia Agronomica Universalis............ i 
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Entomologist..... SAS Og EGET eae emer ar Subscription. 
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SumMary of Maximum, MINIMUM AND STanpAaRD AIR THER- 
MOMETERS FoR 1905. 





STANDARD, 





Maximum.,| Minimum. 


RE GIMUAT Viera oo eraisinore: Sass, eles) does coo 12. 9. 21. 19.7 
PB DENAT Urry ers cr. ctclchatore tele. orate ee PA GAT) 10.0 14.9 22.2 21.4 

Me i os vialarah wv x'e'h 43.4 22.9 oral 37.3 37.4 
PTVERL Stee oivate cies oo ees OD. Spite: 39.0 49.4 48.6 

PURER ee eer 6 sirate: eeaereltiate sake’ al elere ore 69.9 45.2 52.6 62.7 63.4 
RUULEVEN Geen rahe tats eee cratah as ciske sie cael 77.8 65.1 62.3 71.6 CB ka¥ 
RHUL Ver ore cie aaciestis creel Sirs 82.3 61.4 67.9 ho ffthash 
PA TREFEIBSG AON. ctotche: socnaaeiete er cheth whee ek 80.3 57.1 64.3 75.5 75.7 
BUEN Saco A arn or phe ates 8 74.8 52.6 57.4 68.6 69.0 
MPORMIOE ad arate ahha orc elat ad kets « 62.5 42.3 46.4 57.4 55.0 
eg Li at 9c) 2g oh a ne a 45.9 29.3 33.9 40.9 37.6 
BPC DELI cs tutia os Siaceeas Sos 39.2 24.8 28.6 34.3 32.7 
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